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INTRODUCTION 

Ove r v  i ew 

The FIdRTRAN I V  program B2DATL calculates  the  two-dimensional   unsteady  f low 

through  axi-a1  turbomachinery on a b lade- to-b lade  s t ream  sur face,   as  i l lus t ra ted 

i n   F i g u r e ' ( 1 ) .   V a r i a t i o n s   o f   t h e   s t r e a m   s u r f a c e   r a d i u s  and  thickness i n   t h e  

d i rec t i on   o r thogona l   t o   t he   s t ream  su r face ,   as  shown in   F igure   (2 ) ,   a re   incorpo-  

ra ted   i n to   t he   f o rmu la t i on ,   t hus   p rov id ing  a quasi   three-dimensional   analysis.  

The computational domain c o n s i s t s   o f  one blade-to-blade passage w h i c h   i s   d i v i d e d  

i n t o  seven (7) sub-domains. The a n a l y s i s  and computational methods are  descr ibed 

i n   d e t a i l   i n  Reference ( 1 ) .  The f l o w   f i e l d   s o l u t i o n  Is computed a t   i n t e r i o r   g r i d  

p o i n t s  by a shock  captur ing,   f in i te   d i f ference,   t ime-n iarch ing  technique  us ing  the 

MacCormack a lgo r i t hm.  The boundary   po in ts   a re   eva lua ted   e i ther  by enforc ing  an 

appropr ia te  boundary  condi t ion  through use of   the  reference-plane method of  char- 

a c t e r i s t i c s ,   ( w i t h   t r a n s l a t i n g   c o o r d i n a t e  systems to minimize  the  cross  f low  ef-  

f e c t s )   o r  by i n t e r p o l a t i o n   o f   d a t a   f r o m   t h e   f l o w   f i e l d   i n   a d j a c e n t  sub-domains 

and in   ad jacent   b lade- to -b lade passages ( w i t h  an approp r ia te  phase l a g   i n   t i m e ) .  

Descr ip t ion   o f   the   Computa t iona l  Domains 

As shown i n   F i g u r e  ( 3 ) ,  the   reg ion   in   wh ich   the   computa t ion   i s   car r ied   ou t  

c o n s i s t s   o f  up t o  seven (7)  domains, 'which  contain  the two blade rows  and  seg- 

ments of   the  stream  surface  extending  upstream and downstream o f   t h e  rows  and  be- 

tween the  rows. The domains a r e   l i m i t e d   i n   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n  by the 

b lade- to -b lade  spac ing   o f   the  two respec t ive   b lade rows. The b lade  s l ipst reams 

form t h e   l a t e r a l   b o u n d a r i e s   o f  domains 4, 6 and 7. The l a t e r a l   b o u n d a r i e s   o f  

domains 1 and 2 a re   a l i gned   a long  a d i r e c t i o n   d e f i n e d  by  the mean ang le   o f   the  

leading edge o f   t h e   b l a d e s   i n  domain 3 .  Not a l l  seven  domains  need  be  used i n  

a l l  cases.  Both  blade rows can  be e i t h e r   r o t a t i n g   o r   s t a t i o n a r y  and a s i n g l e  

b lade row can  a lso  be analyzed. 

The mer id ional   chord  lengths,  CE1 and CE2, of sub-domains 3 and 5, respec- 

t i ve ly ,   a re   de termined  by   the   p ro jec t ion   o f   the   b lade  chord  on the  mer id ional  co- 

o r d i n a t e   ( t h e   i n t e r s e c t i o n   o f   t h e   m e r i d i o n a l   p l a n e  and the  stream  sheet  surface). 

The m e r i d i o n a l   l e n g t h s   o f  domains 2 and 6 are   a l so   se t   equa l   t o  C E l  and CE2, re- 
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SURFACE 

FIGURE I. SCHEMATIC OF BLADE ROW INTERSECTION WITH A 
STREAM SURFACE, AND COORDINATE SYSTEMS 
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FIGURE 2. DETAIL OF STREAM SURFACE  COORDINATE SYSTEM 
WITH FINITE THICKNESS STREAM SHEET 
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FIGURE 3. BLADE-TO-BLADE  COORDINATE SYSTEM AND  GRID  NETWORK 



s p e c t i v e l y .  The l e n g t h  C4 i s  equal t o   t h e   m e r i d i o n a l   d i s t a n c e  between the  two 

blade rows. The m e r i d i o n a l   l e n g t h s   o f  domains 1 and 7, CEO and CE7, are   the  

d is tances  f rom  the  se lected  in f low  and  out f low  boundar ies  (d iscussed  la ter )   to  

the   en t rance   o f  domain 2 and t o   t h e   e x i t   o f  domain 6, respec t i ve l y .  I f  t h e   i n -  

f l o w  and ou t f low  boundar ies   a re   p rec ise ly  one chord  length  upstream  of  the 

f i r s t   b l a d e  row  and  downstream o f   t h e  second, respec t ive ly ,   then sub-domains 1 

and 7 are  de leted.  

The f rame  of   re ference  o f  domains 1 through 4 i s   a t t a c h e d   t o   t h e   f i r s t   b l a d e  

row,  and t h e   b l a d e   s p a c i n g   i n   t h i s  row  de termines   the   c i rcumferent ia l   ex ten t   o f  

these  domains. The frame o f   r e f e r e n c e   o f  domains 5 through 7 i s   a t t a c h e d   t o   t h e  

second  row w i t h  a co r respond ing   de te rm ina t ion   o f   t he   c i r cumfe ren t ia l   ex ten t   o f  

these  domains. The r o t a t i o n a l  speed o f  each  blade  row i s   i ndependen t l y   spec i f i ed  

( i . e . ,   e i t he r   o r   bo th   can  be r o t a t i n g ,   s u b j e c t   t o  a r e s t r i c t i o n  on t h e i r   r e l a t i v e  

motion  which will b e   s t a t e d   l a t e r ) .  I f  on ly  one blade row i s  analyzed, domains 

4 and 5 a re   de le ted  and  domain 6 i n t e r f a c e s   w i t h  domain 3 i n   t h e  same manner as 

i t  i n t e r f a c e s   w i t h  domain 5 when two  blade rows are  considered. Domains 1 and 

7 may a l s o  be d e l e t e d   i n   t h i s  case. 

The a x i a l   s t a t i o n s   d e f i n e d  by a common mer id iona l   coord ina te   o f  two  adjacent 

domains are   de f ined  as   "ver t i ca l "   boundar ies .   In   add i t ion ,   the   in f low and the  

outflow  boundaries  are  termed  boundaries. The i n f l o w  boundary i s  

s i t u a t e d   a t   t h e   b e g i n n i n g   o f  domain 1 (o r   a t   t he   beg inn ing   o f  domain 2 i f  domain 

1 i s   d e l e t e d ) ,   w h i l e   t h e   o u t f l o w  boundary i s   s i t u a t e d   a t   t h e  end o f  domain 7 (o r  

a t   t h e  end o f  domain 6 i f  domain 7 i s   d e l e t e d ) .  

The b lade  sur faces,   the  s l ipst reams,  and the  upst ream  extens ions  o f   the 

leading edges o f   t h e   f i r s t   b l a d e  row through domains 1 and 2 are  termed  "hor i -  

zontal"  boundaries. The s l i p s t r e a m s   a l t e r   t h e i r  shape i n   t i m e  due t o   t h e i r  mo- 

t i o n   i n  an   uns teady   f l ow   f i e ld .   I n   add i t i on ,   f o r   cases   i n   wh ich   v i scous   e f fec ts  

a re   cons idered,   the   "e f fec t i ve"   sur faces  o f  the   b lades   a lso  change t h e i r  shape 

i n   t i m e   a s  a r e s u l t   o f  a t ime  vary ing  d isp lacement   th ickness  o f   the  boundary 

layer .  

A t rans format ion   o f   coord ina tes   wh ich   "s t re tches"   the   phys ica l  (my€) )  plane 

in to   t he   t rans fo rmed  (a,u) p l a n e   i s   d e t a i l e d   i n   R e f e r e n c e  ( 1 )  and shown i n   F i g u r e  
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( 4 ) .  Each of the  seven  transformed domains thus  have  coordinates 3 and v which 

range  from 0.0 to 1.0. The s u b s c r i p t  J i s  used i n  the L' d i r e c t i o n ,   w i t h  a 

maximum value JSP = JS+1 (where J S  i s  an  input  parameter!. The s u b s c r i p t  K i s  

used i n   t h e  v d i r e c t i o n ,   w i t h  a maximum value of KS+3 (where KS i s  an i npu t  

parameter).  Ordering o f   t h e   g r i d  columns and rows i s  shown i n   F i g u r e  (5). J=2 

corresponds t o  o = 0.0 and J=JS corresponds t o  u = 1.0. The va lues   o f  K=3 and 

K=4 a t  v = 0.0 as w e l l  as t h e   v a l u e s   o f  K=KS and K=KS+l a t  v = 1 .O  ca r ry   t he  same 

v coord ina te   va lue .   Th is   dua l   no ta t ion   i s   necessary   s ince   lead ing   and  t ra i l ing  

edges  as w e l l  as s l ipst reams must accommodate doub le-va lued  so lu t ions   a t   the  

same phys i ca l   l oca t i on .  Each  domain i s  d e f i n e d   b y   t h e   l i m i t s  J=2 on t h e   l e f t  

and J=JS on t h e   r i g h t   i n   t h e   m e r i d i o n a l   d i r e c t i o n ,  and  by K=4 at   the   lower  

boundary  and K=KS a t   t h e  upper  boundary i n   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n .   V a l u e s  

of  J and K outs ide   o f   these  ranges   denote   "v i r tua l "   po in ts .  These a r e  needed 

to  de f ine   f low  p roper t ies   ou ts ide   the   boundar ies   o f   the  domain  such t h a t   d e r i v a -  

t ives  and/or  interpolated  values  can be obta ined  a t   the  respect ive  boundar ies,  

as needed. For example, t h e   c o m p a t i b i l i t y   r e l a t i o n s h i p s   a t  a s l i p s t r e a m   p o i n t  

must  be eva lua ted   f rom  f l ow   p roper t i es   pe r ta in ing   t o   each   s ide   o f   t he   s l i ps t ream.  

The i n t e r i o r  ( 4  " < K < KS) o f  a domain  bounded by a s l i ps t ream  p rov ides   da ta   f o r  

one r e l a t i o n s h i p  and t h e   e x t e r i o r  ( 3  " > K > KS+I)  provides  data  for   the  other.  

O u t l i n e  of Method of S o l u t i o n  

The computa t iona l   p rocess   i s   d iv ided  in to  a number o f   sub rou t ines .  The com- 

putat ion  begins  in   the  main  program B2DATL f o r   e i t h e r  an i n i t i a l   r u n   o r   r e s t a r t  

o f  a p r e v i o u s   r u n .   I n p u t   d a t a   i s   r e a d ,   t h e   f l o w   f i e l d   i s   i n i t i a l i z e d ,  and mesh 

s ize,   as  wel l  as t h e   t i m e   s t e p   ( i n  an i n i t i a l   r u n   o n l y ) ,   a r e   e v a l u a t e d .  The 

i n i t i a l   d a t a   f o r  each  t ime  step i s   s t o r e d   i n   a r r a y s  P l ( I D , J , K ) ,  R l ( I D , J , K ) ,  

U l ( l D , J , K ) ,   V l ( l D , J , K )  and E l ( I D , J , K )  which   represent   the   s ta t i c   p ressure ,   s ta t i c  

d e n s i t y ,   m e r i d i o n a l   v e l o c i t y ,   r e l a t i v e   c i r c u m f e r e n t i a l   v e l o c i t y   a n d   r e l a t i v e  

t o t a l   i n t e r n a l   e n e r g y ,   a t   t h e  mesh p o i n t   i d e n t i f i e d  by ( I D , J , K ) .   I D  var ies   f rom 

1 t o  7 and i d e n t i f i e s   t h e  domain, J var ies   f rom 1 t o  JS+l and i d e n t i f i e s   t h e  

m e r i d i o n a l   g r i d  column  and K var ies  f rom 1 t o  KS+3 and ident i f ies   the   c i rcumferen-  

t i a l   g r i d  row. Subrout ine UNCBM2 i s  c a l l e d  by B2DATL to   per fo rm  the   execut ion ,  

ou tpu t  and te rm ina t ion  O F  a run. No r e t u r n   i s  made t o  B2DATL. 
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FIGURE 5. GRID  ROW ORDERING IN VICINITY OF BLADES  AND  SLIPSTREAMS 



(Note t h a t  one of  t h e   t h r e e  dependent va r iab les ,  P ,  R and E, i s  redundant, 

s ince   the   equat ion   o f   s ta te   can  be  used to   determine  the  in ternal   energy  f rom 

the  pressure and densi ty .   Therefore,   on ly   two  o f   these  three  var iab les must 

n e c e s s a r i l y  be s to red ,   s ince   t he   t h i rd   cou ld  be e v a l u a t e d   l o c a l l y  as  needed. 

T h i s   w o u l d   r e s u l t   i n  a reduc t i on  of the  s torage  requi rements,   but   eva luat ion o f  

the  redundant  var iable  each  t ime it i s  needed would  increase  the  computation 

time.  Therefore, a t r a d e o f f  between computation  t ime and storage must be 

made. ) 

Subroutine UNCPIM2 takes  the  computational  process  through  the  predictor and 

t h e n   t h e   c o r r e c t o r   e v a l u a t i o n   o f   t h e   i n t e r i o r   p o i n t s   o f   t h e   f l o w   f i e l d  and the 

e v a l u a t i o n   o f   a l l  boundary  condi t ions.   Both  the  predictor and cor rec tor   va lues  

a r e   s t o r e d   i n   t h e   a r r a y s  P2(1D,J,K),  R2(1D,J,K), U2(1D,J,K), V2(1D,J,K) and 

E2(1D,J,K), i . e . ,   t he   p red ic to r   va lues   a re   ove rwr i t t en   by   t he   co r rec to r   va lues  

as  they  are  computed. The c o m p u t a t i o n a l   g r i d   i s  swept out  by  columns,  beginning 

w i t h   J = l ,   i n  each  domain. Hence, care has  been t a k e n   t o  use temporar i l y   s to red  

p r e d i c t o r   v a l u e s   a t   t h e   g r i d   p o i n t   ( I D , J - l , K )  and  (ID,J,K-1) when eva lua t i ng  

s p a t i a l   d e r i v a t i v e s   o f   p r e d i c t o r   v a r i a b l e s   a t  (ID,J,K), for the   cor rec tor   s tep .  

The i n t e r i o r   p o i n t   a l g o r i t h m   i s   e x e c u t e d  by  ITERl,  which i s   c a l l e d   t w i c e   p e r  

t ime  step  f rom UNCPJM2 (see  Reference 1 for  d e t a i l s  of the MacCormack scheme). 

UNC!dM2 con t inues   w i th   t he   boundary   po in t   ca l cu la t i ons ,  some of  which need o n l y  

be  done  once per  t ime  step,  as will be desc r ibed   l a te r .   A f te r  ITER1 i s   c a l l e d  

t h e   f i r s t   t i m e ,   w i t h   t h e   i n t e g e r   f l a g  ITER = 1, a l l  boundary  condi t ion sub- 

r o u t i n e s   a r e   c a l l e d .  These subrout ines  are of  two  types: 

a) Those c a l l e d   o n l y  once ( a f t e r   t h e   f i r s t   c a l l   t o  ITERl),  namely TRED, 

SURF, SLIP  and ONESID. These subrout ines  use  a lgor i thms based  on 

re fe rence   p lane   cha rac te r i s t i cs .  

b) Those c a l l e d   a f t e r  each c a l l   t o  ITER1, namely VEB1, VEB4, VEB5 and H0BA. 

These sub rou t ines   equa te   boundary   po in t   f l ow   p roper t i es   t o   t hose   i n  ad- 

j a c e n t  domains a t   b o t h   v e r t i c a l  and hor izonta l   boundar ies.  

UNCaM2 con t inues   t h i s  sequence, i n c l u d i n g   c a l l s   t o   o u t p u t   r o u t i n e s  as requested, 

u n t i l  a s p e c i f i e d  number o f   t i m e   s t e p s  has  been  completed. 
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L i m i t a t i o n s  and R e s t r i c t i o n s  

There   a re   ce r ta in   ope ra t i ng   l im i ta t i ons  and r e s t r i c t i o n s   i n h e r e n t   i n   P r o -  

gram B2DATL. The most  fundamental l i m i t a t i o n   p e r t a i n s   t o   t h e  minimum g r i d   p o i n t  

densi ty   which will y i e l d  a mean ing fu l   so lu t i on .   Th i s   l im i ta t i on  depends on the 

p a r t i c u l a i  geometry and f low  condi t ions  o f   the  case  be ing  run.  Some t e s t  cases 

have  been  run  with as few  as f i v e  mesh p o i n t s   i n  each d i r e c t i o n ,  (JS=6 and KS=8).  

However, i n  one  case 17 p o i n t s   i n   t h e   m e r i d i o n a l   d i r e c t i o n  (JS=18) and 9 po in ts  

i n   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n  (KS=12) were the  minimal number which  y ie lded 

a successful  run.  There i s  no   genera l i zed   ru le   tha t   can  be app1ie.d t o   c o v e r   a l l  

con t i ngenc ies   o the r   t han   t o   i nd i ca te   t ha t   t he   l a rge r   t he   cu rva tu re   o f  a blade 

su r face   o r   t he  more complex  the  geometry  of   the  conf igurat ion,   the more mesh 

po in ts   a re  needed. The present maximum g r i d   d e n s i t y   i s  17 by 9 ,  i .e., JS=18 

and KS-12. Higher   densi t ies  would be d e s i r a b l e   i n  most  cases,  but  storage limi- 

t a t i o n s   i n   t h e  computer  system  used  during  development o f   t h e  code precluded 

t h i s .  

The f o l l o w i n g   g e n e r a l   r e s t r i c t i o n s  must a l s o  be observed: 

1) The leng ths   o f  domains 1 ,  4 and 7 (CEO,  C 4  and C E 7 ,  respec t i ve l y )  

r e l a t i v e   t o  domains 3 and 5 must s a t i s f y   t h e   f o l l o w i n g   c o n d i t i o n s :  

CEO - > CEl/(JS-3) 

C 4  - > CEl/(JS-3) 

C 4  - > CE2/(JS-3) 

C7 - > CE2/(JS-3). 

2 )  Al though  e i ther   b lade row  can r o t a t e   o r  be s tat ionary,   the  mot ion o f  

one blade row r e l a t i v e   t o   t h e   o t h e r   i s   r e s t r i c t e d  by t h e   r e l a t i o n -  

sh ip:  

a M G ( 2 )  - g M G ( 1 )  - > 0 

where 1 r e f e r s   t o   t h e  f i r s t  o r  upstream  blade row and 2 t o   t h e  second 

or downstream row. ( T h i s   r e s t r i c t i o n   r e s u l t s   f r o m  an assumption as 
t 

e motion  between  domains 4 and 5 made in  the 

ircumvented by r e v e r s i n g   t h e   t r u e   d i r e c t i o n  
image o f  the  actua l   b lade  contours.  

t o   t h e   d i r e c t i o n  of  r e l a t i v  

*Note t h a t   t h i s   r e s t r i c t i o n  can be  c 
o f  r o t a t i o n  and  running  the  mirror 
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cod ing ,   ra the r   t han   any   res t r i c t i on   i n   t he   ana lys i s . )  

3) The number o f  blades i n   t h e  second row must be greater   than  or   equal  

t o  t h e  number o f  blades i n   t h e   f i r s t  row. In a d d i t i o n ,   t h e   r a t i o   o f  

t h e  number o f  blades i s   l i m i t e d   t o  3 t o  2 ,  i .e. :  

where NBBL i s   t h e  number o f  blades i n   t h e   f i r s t   b l a d e  row  and M0BL 

i s  t h e  number i n   t h e  second  blade row. 

4) The e v a l u a t i o n   o f   v e r t i c a l  boundary p o i n t s   a t   t h e   i n t e r f a c e  between do- 

mains 4 and 5 (when two  blade  rows  are  run) i s   c a r r i e d   o u t   i n  VEB4 and 

VEBS by i n t e r p o l a t i o n  o f  da ta   wh ich   i s   p rov ided  over  a l im i ted   c i r cum-  

f e r e n t i a l  range. The c i rcumferent ia l   range encompasses th ree   ad jacent  

b lade- to-b lade  passages,   and  the  ar rays  conta in ing  th is   data  are com- 

posed o f   f l o w   v a r i a b l e s   w i t h  a t ime-phase  iag   appropr ia te   to   tha t   par -  

t i c u l a r   i n s t a n t  and l o c a t i o n ,   f o r   b o t h   t h e   i n f l o w  boundary o f  domain 5 
and t h e   i n t e r p o l a t i o n   p l a n e   i n  domain 4 .  A t  any  one i n s t a n t  o f  t ime 

the   mot ion  o f  the  s l ipstream  bounding domain 4 must be such t h a t   i n t e r -  

p o l a t e d   p o i n t s   f a l l   i n s i d e  o f  the  range o f  ava i lab le   da ta .  I f  the 

s l ips t ream  mot ion   ex tends   the   s l ips t ream  pos i t ion  beyond the   ava i l ab le  

range o f  d a t a ,   i n t e r p o l a t i o n  will not  be poss ib le  and the  program will 

t e r m i n a t e   w i t h  an e r r o r  message. I f  t h i s   t e r m i n a t i o n   c o n d i t i o n   i s  en- 

coun te red ,   t he   on l y   con t ro l   wh ich   t he   use r   can   exe rc i se   ove r   t he   s l i p -  

stream  motion i s  an a r t i f i c i a l  damping o f  t h e   s l i p s t r e a m   v e l o c i t y ,  

which i s  discussed  below. 

R e s t r i c t i o m  number (3 )  and (4) above bo th   resu l t   f r om  the  1 im i ted   range   o f   da ta  

wh ich   i s   s to red   a long   t he   i n te r face  between  domains 4 and 5. Both  could be re -  

moved i f  ins tead   o f   t h ree   b lade  passages o f   v e r t i c a l  boundary  data, f i v e   b l a d e  

passages o f   d a t a  were  stored.  This  would  involve a ma jo r   mod i f i ca t i on   t o   t he  

program  but i s  never the less   feas ib le ,  and  would  permit a r a t i o   o f  up t o  5/2 

i n  the  number o f  b lades   ins tead  o f  312 .  

11 



. 

A ve ry   impor tan t   f ea tu re  o f  t h e   s o l u t i o n   p r o c e s s   i s   t h e   c a p a b i l i t y   t o   r e -  

s t r i c t   t h e  movement o f  the   s l i ps t ream.   Th is   capab i l i t y   i s   exe rc i sed   t h rough  

the  parameters DAMPC, DAMPC1,  DAMPI and DAMP11 wh ich   a re   de f i ned   i n   Sec t i on  I I A  

" I n i t i a l  Program  Submittal". When a case i s   s t a r t e d ,   t h e   i n i t i a l   d a t a   i s   a t  

b e s t   a n   a p p r o x i m a t i o n   t o   t h e   c o n d i t i o n s   t h a t   s h o u l d   e x i s t   a t   t h a t   i n s t a n t .   A f t e r  

a number bf  t i m e   s t e p s   ( t y p i c a l l y  between 100 and  300)  most o f   t h e   m a j o r   d i s -  

t u r b a n c e s   a s s o c i a t e d   w i t h   t h e   i n i t i a l   d a t a  will have  propagated  out o f   t h e  com- 

p u t a t i o n a l  domain,  and  reasonably modest osc i l l a t i ons   abou t   t he   asympto t i c  so- 

l u t i o n  can be e x p e c t e d .   U n t i l   t h e   f l o w   f i e l d  has " s e t t l e d  down" f r o m   t h e   i n i t i a l  

t r a n s i e n t ,  i t  i s   b e n e f i c i a l   t o   r e s t r i c t   t h e   s l i p s t r e a m   m o t i o n   i n   o r d e r   t o   a v o i d  

v i o l e n t   s l i p s t r e a m   o s c i l l a t i o n s .  Once t h e   f l o w   f i e l d  has " s e t t l e d  down" suf -  

f i c i e n t l y ,   t h e   s l i p s t r e a m   m o t i o n  can  be  gradual ly   a l lowed  to  assume i t s   f u l l ,  

un res t r i c ted   behav io r .  The s l i p s t r e a m   m o t i o n   i s   r e s t r i c t e d  by m u l t i p l y i n g   t h e  

s l i p s t r e a m   v e l o c i t y   b y  a s p e c i f i e d   f u n c t i o n .   - T h i s   f u n c t i o n   i s  a constant ,  

DAMPC, fo r   t ime  s teps   less   than a s p e c i f i e d  number, DAHPI.  For  t ime  steps 

grea ter   than  another   spec i f ied  number, DAMPI1,  t h e   f u n c t i o n   i s  a second  con- 

s t a n t ,  DAMPCl. In   the   in te rmed ia te   range  o f   t ime  s teps   f rom DAMPI t o  DAMP11 , 
t h e   f u n c t i o n  has a c o s i n e   v a r i a t i o n   f r o m  DAMPC t o  DAMPC1. The ex ten t   o f   t he  

t ime  step  ranges and o f   t he   va lues   o f   t he   cons tan ts   can  be independently  speci- 

fied each  t ime a r u n   i s   r e s t a r t e d ,  i f  desired.  Obviously it is   no t   necessary  

to   a l t e r   t he   va lues   o f   t hese   pa ramete rs  whenever a case i s   r e s t a r t e d ;   t h e   a b i l -  

i t y   t o  do SO i s   m e r e l y   p o i n t e d   o u t .  The damping c o e f f i c i e n t  can  be a c t i v a t e d  

a t  any  t ime 

genera 1 , i t  
t o  complete 

(i .e. , DAMP 

t h e   i n i t i a l  

w i t h  an une 

by a p p r o p r i a t e l y   d e f i n i n g  DAMPC, DAMPCl, DAMP1 and D A M P I l .  I n  

i s  recommended t h a t   t h e   t r a n s i t i o n   f r o m   f u l l y  damped (DAMPC -+ 0) 

y undamped (DAMPCl = 1.0) be spread  over a t   l e a s t  100 t ime  steps 

1 - > DAMPI + 1 0 0 . 0 ) ,  and t h a t   a t   l e a s t  300 t ime  steps be a l l o w e d   f o r  

t r a n s i e n t   t o  "wash o u t "   ( i  .e., DAMPI > 300).  For  example, i n  a case 

ual  number o f   b lades ,  suppose t h a t  i t  takes 46 t ime  s teps   to   t raverse  
- 

one b l a d e   s p a c i n g   o f   t h e   f i r s t   b l a d e  row. DAMPC can be s e t   t o  lo- '  f o r   t h e  

f i r s t  322 steps,  i.e., DAMPI = 322.0. Let   the  next  92 s teps   b r ing   the   va lue  

o f   t h e   m u l t i p l i e r   f r o m   t o  1.0 over  two  t ime  ranges (46 t ime  steps  per 

range). Thus, f o r   t h e   r u n   s t a r t i n g   a t   s t e p  number 322 and g o i n g   t o  368: 
DAMPC = DAMPCl = .5, DAMPI = 322.0 and DAMPI1  = 368.0. For  the  run be- 

g i n n i n g   a t   s t e p  number 368: DAMPC = .5, DAMPCl = 1.0, DAMPI = 368.0 and 

DAMP11 = 414 .0 .  For any  subsequent  runs  the  value o f  t h e   m u l t i p l e r  will be 

h e l d   t o  1.0, s ince   the   t ime  s tep  will be grea ter   than 414.0. 
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Opt i ons 

The program B2DATL i s   s e t   u p  to  run  under a var  

a v a i l a b l e  by se t t i ng   i n tege r   f l ags   ( see   i npu t   va r iab  

pu ta t i ona l   op t i ons ,   i npu t   op t i ons  and ou tpu t   op t ions  

i n g   f l a g s   a r e  summarized  below. 

i e t y   o f   o p t i o n s .  The choices 

l e s   f o r   d e t a i l s )   i n c l u d e  corn- 

. The choices  and  correspond- 

A. Computational  Options 

1 )  one or t w o  b lade rows ( I F0R) 

2)  equal or unequal  blade  spacing  (IBLEQ) 

3) i n c l u s i o n   o r   d e l e t i o n  o f  domains 1 and 7 (IBNE) 

4) i n f l o w  and d i scha rge   boundary   cond i t i ons   f o r   t he   i n f i n i t e   duc t  ap- 

p rox ima t ion ,   f o r  an  open d u c t ,   o r  for  a c o u s t i c   r a d i a t i o n  ( I C C E )  

5) i n c l u d e   o r   d e l e t e   v i s c o u s   e f f e c t s  (IDELTA) 

6)  b lade  sur face   s lopes   a t   lead ing  and t r a i l i n g  edge computed from 

s p l i n e  f i t  o f   su r face   coo rd ina tes ,  or s p e c i f i e d  (ISLLE,  ISLTE) 

7) s l i ps t ream  so lu t i ons   f o r   upper  and  lower  blades  are  computed  in- 

dependently o r  are  set   equal  ( I C 0 R )  

B. Input  Options 

1 )  cer ta in   inpu t   var iab les   a re   in   d imens iona l   o r   non-d imens iona l   fo rm 

(NbND I M) 

2) d imens iona l   inpu t   (and  ou tpu t )   var iab les   a re   in   the   In te rna t iona l  

System (MKS) o r  Customary  Engl i s h  (FPS) un i ts   system ( I D I M )  

3) r e s t a r t  w i t h  new s tage  geomet ry   o r   re ta in   p rev ious ly   spec i f ied  

geometry ( I NEW) 

4) i f  t h e   i n i t i a l   f l o w   f i e l d   i s   c a l c u l a t e d ,  a l i n e a r   i n c r e a s e   i n  

en t ropy   f rom  ro to r   lead ing  edge t o   t r a i l i n g  edge  can  be  included 

(DELSSS) 

C .  Output  Options 

1 )  domain o u t p u t   v a r i a b l e s   i n  MKS or FPS 

2) domain o u t p u t   v a r i a b l e s   i n  non-dimens 

system ( IDIM) (see 2 above) 

i o n a l  or dimensional  form ( I K P )  

13 

~" . .. . . " 



3 )  domain o u t p u t   i n c l u d e s   v i r t u a l   g r i d   p o i n t s   f o r  K = 1,2 ,3 ,  KS+I ,  

KSi-2 and KS+3 (LBLADE) 

4) domain o u t p u t   i s   p r i n t e d  for  s p e c i f i e d  domains ( IDP(ID))  

5) r e s t a r t  w i t h  or  wi thou t  domain or abbrev iated  output  o f  f low 

f i e l d   v a r i a b l e s  ( I P I )  

6) p r i n t  o f  domains a t   t h e   b l a d e   p a s s i n g   f r e q u e n c y   o r   a t  an  indepen- 

d e n t l y   s p e c i f i e d   i n t e r v a l  ( ITAPE0)  

7) p r i n t   c o r r e c t o r   v a l u e s   o n l y ,   o r   p r i n t   b o t h   p r e d i c t o r  and co r rec to r  

va 1 ues ( I TBUG) 

PROGRAM INPUT 

U n i t s  

Cer ta in   inpu t   da ta  must  be s ta ted   i n   d imens iona l  form, wh i l e   o the rs  may be 

g i v e n   i n   e i t h e r   d i m e n s i o n a l  or non-dimensional form. (See "Input  Options' '  i n  

prev ious  sect ion. )  Those which  are  dimensional may be g i v e n   i n   e i t h e r   t h e   I n -  

t e r n a t i o n a l  System (MKS) o r  Customary Eng l ish  (FPS) u n i t s .  Two sets  o f  va r iab les  

are   l i s ted   be low:   those  wh ich   a re   a lways   d imens iona l  and those  which may be  non- 

d imensional .   (Non-d imensional   izers   are  mul t ip l iers . )  

A .  Variables  That  Are  Always  Dimensional 

Var iab le  

CEO 

CE 1 

C E 2  

CE7 

c4 
Y  LXLE 

Y  LXTE 

YUXLE 

Y  UXTE 

EX ( f o r   b l a d e s )  

EX ( f o r  AR o r  BE) 

EY ( fo r  blades) 

Card No. 

1 4  

11 

12 

14 

13 
11 and 12 

11 and 12 

11 and 12 

11 and 12 

16 

2 6  

17 

MKS 

m 

m 

m 

m 

m 

r a d  ians/m 

rad  i ans/m 

rad  ians/m 

rad  i ans/m 

m 

n 
r a d  i a m  

FP S 

f t  

f t  

f t  

f t  

f t  

rad i ans/ f  t 

rad i ans/ f  t 

rad  i ans/ f  t 

rad   ians / f  t 

f t  

f t  

rad  i ans 
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Var iab le  Card No. MKS FPS 

EY ( f o r  AR o r  BE) 27 m f t  

R (gas  constant) 33 (N*m/kg K) ( f t 2 / sec2  OR) 

(e.g., f o r   a i r  287. 1716.) 

B.  Variables  That May  Be Non-Dimensional 

Var iab les  are  non-d imensional ized  in   the  program  wi th   respect   to   the  length 

CE1, the   f ree   s t ream speed o f  sound A I  = SQRT (GAMMAnRkTI), a reference  tempera- 

t u r e  TR = GAMMAnTI, and a r e f e r e n c e   v i s c o s i t y   c o e f f i c i e n t  XMUR = PIf :CEl/AI.  The 

v a l u e s   o f  CE1, P I  and  T I   a re   inc luded  w i th   inpu t   da ta .  

Va r iab le  Card No. MKS FPS Non-Dimensionalizer 

0MG 30 1 /sec 1 /sec (CEI/AI) 

P I  , PC, PFF 30, 32, 35 N/m 1 b s / f  t2 (1/PI) 

T I ,  TC 30, 35 R (1  /TR) K 

U I ,  UC, UFF, AFF 30, 32, 35 m/sec f t /sec  (1/Al)  

XMU 33 N sec/m 1 bf  sec/ f  t2 ( 1  /XMUR) 

2 

0 0 

2 

UZ 34 always  non-dimensional ( l / A l )  

I n i t i a l  Program  Submittal 

A b lank   inpu t   fo rm,   w i th   head ings   iden t i f y ing   the   var iab les ,   i s   p resented   in  

F igure (6). A d e s c r i p t i o n   o f   t h e   v a r i a b l e s  on  the  data  cards  are  presented  in  

t h i s   s e c t i o n .  The r e s t a r t   o p t i o n s   a r e   d i s c u s s e d   i n   t h e   n e x t   s e c t i o n .  

Card No. Columns Format  Descr i p t  i on 

1 1-80 20A4 T i t l e   c a r d .  Any message can  be w r i t t e n   i n   t h e  80 

columns o f   t h i s   c a r d ;   f o r  example, the   da ta   se t  

may be i d e n t i f i e d .  

ISTART ((3 - o r i g i n a l  program  submit ta l ;  1 - re-  

s t a r t  case). 

2 1-5 15 
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1 
I S T A R T  INEW I T B U G   I D E B U G  N 0 N D l M  I D l M  I B C E  l 0 N E   l F 0 R   I T A P E 0  

I D E L T A  l C 0 R  I K P  I P I  I B L E Q  L B L A D E  N B L A D E  

I DD K 6  J6 I D 6  K E   J E  I DE K D  J D  

l D C l   J C l   I I D C 2   ( J C 2   I D C 3  J C 3  I I D C 4  I J C 4  1 I D C 5  I J C 5  I I D C 6  I J C 6  
I I I I I I I I I I I 

l D R l   K R 1  K R 3  I I D R 4  I K R 4  I I D R 5  I K R 5  I I DRG I K R 6  I D R 2   K R 2   I D R 3  
I I I I I I I I I I I 

J S  KS I I S L L E  1 1  S L T E  I N 0 B L  I M 0 B L  
I I I I I 

I CE1 I YUXLE(I) I YLXLE(I) I YUXTE(I) I YLXTE(I) I 

C E 2  Y L X T E ( 2 )  YUXTE ( 2 )  Y L X L E ( 2 )   Y U X L E   ( 2 )  

I I I I I C E 4  I 
I 

t CEO I C E 7  F I G U R E  6. I N P U T   F O R M  



1 5 

N S P L ( 1 )   N S P U ( 1 )  

11 1 5   1 6  2 0  2 1  2 3 6  b o  4 1  4 5  4 6  50 51 5 5   5 6   6 0   6 1  6 5   6 6  70 7 1  75 7 6  80 6 10 

F I R S T   B L A D E  LOWER  SURFACE  MERIDIONAL  COORDINATES  EX(  1,) - EX(NSPU.(l .)) 
I I I 1 I I I I 

1 F I R S T   B L A D E  LOWER  SURFACE  C IRCUMFERENTIAL   COORDINATES  EYf1 )  - E Y ( N S P U ( 1 ) )   ( B F C O M F S   Y l l ( 1 . J ) )  

I I I L 

1 F I R S T   B L A D E   U P P E R   S U R F A C E   M E R I D I O N A L   C O O R D I N A T E S   E X ( 1 )  - EX(NSP1 ( 1 ) )  

I I I I I 
~~~~~ ~~~~~~~ ~ ~~ ~~~~ ~~ 

F I R S T   B L A D E   U P P E R   S U R F A C E   C I R C U M F E R E N T I A L   C O O R D I N A T E S   E Y ( 1 )  - E Y ( N S P L ( 1 ) )   ( B E C O M E S   Y L ( 1 , J ) )  
~ I 1 I I I I ' 

N S P U ( 2 ) N S P L ( 2 )  

SECOND  BLADE LOWER SURFACE  MER1 D l   O N A L   C O O R D I N A T E S   E X (   1 )  - E X ( N S P U ( 2 ) )  

'SECOND  BLADE LOWER S U R F A C E   C I R C U M F E R E N T I A L   C O O R D I N A T E S   E Y ( 1 )  - E Y ( N S P U ( 2 ) )   ( B E C O M E S   Y U ( 2 , J ) )  

F 

I I I I I I I 

I I I I 1 I 
SECOND  BLADE  UPPER  SURFACE  MERIDIONAL  COORDINATES  EX(1 )  - E X ( N S P U ( 2 ) )  

Y I  ( 7  .Ill SECOND  BLADE  UPPER  SURFACE  C IRCUMFERENTIAL   COORDINATES  EY(1 )  - E Y ( N S P U f 7 )  f R F C I I M F I  

I I I I I I 

F I G U R E  6 ( C o n t i n u e d ) .   I N P U T  FORM 



M E R 1   D l O N A L   C O O R D I N A T E S   E X (   1 )  - E X ( N S   ( 1 ) )   F O R   S T R E A M S H E E T   R A D I U S  

I I I I I I 1 
S T R E A M S H E E T   R A D I U S   E Y ( 1 )  - E Y ( N S ( 1 ) )   ( B E C O M E S   A R ( I D , J ) )  

I I I I I I I 
MER I D l   O N A L  COORD I N A T E S   E X   ( 1  ) - E X ( N S  (2 )  ) FOR  STREAMSHEET  TH I CKNESS 

S T R E A M S H E E T   T H I C K N E S S   E Y ( 1 )  - E Y ( N S ( 2 ) )   ( B E C O M E S   B E ( 1 D . J )  I 

DAMPC I DAMPC 1 I DAMP I I DAMP I 1 

I R  GAMMA  REY CR I XMU C0EFTH  CmFFTF 1 

I uz 
C  DT 

PC I I uc I v0uc T C  I 
F I G U R E  6 (Cont inued).  I N P U T  FORM 



Card No. Columns Forma t Descr i p t   i o n  

2 6-10 15 lTAPE0 (0 - domain   ou tpu t   con t ro l   de fau l ts   to  

IPRT and JPRT, which  are  spec i f ied  on  card 

number 4; 1 - o u t p u t   f o r  domaifis 1, 2 ,  3 and 

4 i s  p roduced  au tomat ica l l y   a t   the   pass ing   f re -  

quency o f   t h e  second  blade row r e l a t i v e   t o   t h e  

f i r s t ,  and  ou tpu t   to r  domains 5 ,  6 and 7 i s  

produced  automat ical ly  at   the  passing  f requency 

o f  t h e   f i r s t  row r e l a t i v e   t o   t h e  second. IPRT 

and JPRT are   opera t ive   regard less  o f  the  va lue 

ass igned t o  ITAPEEj) . 
11-15 I 5  

16-20 15 

21  -25 15 

26-30 15 

31-35 I 5  

36-40 15 

41-45 15 

lF0R (0 - rotor /s ta tor   combinat ion;  1 - o n l y  

one blade row i s   p resen t ,   t he re fo re ,  domains 4 
and 5 will be de le ted ) .  

ldNE (0 - inc lude domains 1 and 7; 1 - d e l e t e  

domains 1 and 7) .  

IBCE, i n l e t  and discharge  boundary  condi t ion 

i n d i c a t o r  ( 1  - i n f i n i t e   d u c t  model (see  Equations 

93 - 97 o f  Reference 1 ) ;  2 - open duct model (see 

Equations 87 - 93 o f  Reference 1 ) ;  3 - acous t i c  

f a r   f i e l d  condi   t . ion).  

I D l M  (1 - inpu t  and o u t p u t   i n  MKS system; 2 - 
FPS system). 

N0NDlM (0 - dimensional   input;  1 - non-dimensional 

i n p u t )  . 
I DEBUG (0 - v a l u e   o f  NBLADE ( i n p u t  #2 on card # 3 )  
de te rm ines   f i na l  number o f   b lade   pass ings   f o r  

r u n   ( f o r  unequal numbers o f   b l a d e s ) ;  f0 - f i n a l  

t i m e   s t e p   f o r   t h i s   s u b m i t t a l   ( o v e r r i d e s  NBLADE)). 

ITBUG (0 - p r i n t   c o r r e c t o r   v a l u e s   o n l y ;  1 - p r i n t  

p r e d i c t o r  and co r rec to r   va lues ) .  
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3 1-5 15 

6-10 15 

11-15 15 

16-20 15 

2 1-25 I5 

Card No. Columns Format Desc r ip t i on  

2 46-50 I 5  INEW (used i n   c o n j u n c t i o n   w i t h  ISTART = 1)  ( 0  - 
r e s t a r t  w i th  same stage  geometry  and  previous 

f l ow  s o l u t i o n  N.B. remove cards #15 - #29 from 

input   deck  before  resubmi t ta l ;  1 - r e s t a r t  

wi th   spec i f ied  s tage  geometry   (on  cards #15 - 
#29) b u t   p r e v i o u s   f l o d   s o l u t i o n ) .  

I D E L T A  ( 0  - i n v i s c i d   s c l u t i o n ;  1 - boundary 

l a y e r  and wake so lu t i ons ,a re   i nc luded) .  

NBLADE ( 0  - equal number of b l a d e s   i n  each row;  

#O cumulat ive number o f  passings o f   f i r s t   b l a d e  

row a t  wh ich   t h i s   run  will be terminated. (Must 

be inc remented  fo r   every   res ta r t . ) )  

LBLADE ( 0  - n o   p r i n t   o f   v i r t u a l   p o i n t s  (e.g., 

K = 1,2,3) for  domain ou tpu t ;  1 - p r i n t   v i r t u a l  

p o i n t s   i n  K; 2 - same 3s 1 p l u s   v i r t u a l   p o i n t s  

i n  J). 

I B L E Q  ( 0  - same number o f  b l a d e s   i n   r o t o r  and 

s t a t o r ,  or o n l y  one s e t  o f  blades; 1 - d i f f e r e n t  

number o f  b l a d e s   i n   r o t o r  and s t a t o r ) .  

I P I  (0 - r e s t a r t ,   i n i t i a l   d a t a   n o t   p r i n t e d ;  1 - 
r e s t a r t ,   l i m i t e d  debug p r i n t o u t   o f   i n i t i a l   d a t a ;  

2 - r e s t a r t ,   p r i n t o u t  o f  d e t a i l e d   i n i t i a l   d a t a  

26-30 15 

31 -35 15 

20 

i n  each  domain; 3 - 
I KP (0 - non-dimens i 

outpu t ;  2 - b o t h ) .  

lC0R (0 - s e t s   f l o w  

combination of 1 and 2).  

onal   output ;  1 - dimensional  

va r iab les   a t   upper   s l i ps t ream 

boundary  equal t o  va lues   a t   lower   s l ips t ream 

boundary i n   s u b r o u t i n e s  TRED, S L I P  and $NESID; 

1 - compute both  boundaries  independently). N.B. 

t h i s  parameter i s   o n l y   e f f e c t i v e  i f  IBLEQ = 0 .  

L " . . 



~. , , . , , . . . . . . . 

Card No. Columns Format Desc r ip t i on  

4 N.B. Card #4 i s  used t o   s p e c i f y   t h e   i n t e r v a l s   a t   w h i c h   p r i n t o u t   o f  

c e r t a i n   i n d i v i d u a l   g r i d   p o i n t s ,   g r i d  columns, g r i d  rows  and  domains 

are  des i red.  The po in ts ,  columns, rows and domains a r e   s p e c i f i e d  

on  cards #5, # 6 ,  #7, #8 and #lo. I f  a p a r t i c u l a r   t y p e   o f   p r i n t o u t  

i s  not d e s i r e d ,   s e t   i t s   p r i n t   i n t e r v a l  on card #4 t o  any number 

l a rge r   t han   t he   f i na l   t ime   s tep .  

1-5 15 IPXT, p r i n t   i n t e r v a l   f o r   s l i p s t r e a m   d a t a   o u t -  

p u t ,   i n  number of t ime  steps. 

6- 10 15 IPPT, p r i n t   i n t e r v a l   f o r   o u t p u t   o f   g r i d   p o i n t s  

spec i f i ed  on cards #5 and #6, i n  number o f   t i m e  

steps . 
11-15 15 

16-20 15 

21 -25 15 

26-30 15 

IPCT, p r i n t   i n t e r v a l   f o r   o u t p u t   a t   g r i d  columns 

card #7, i n  number o f   t ime  s teps .  speci f i e d  on 

IPHT, p r i n t  

s p e c i f i e d  on 

IPRT, p r i n t  

i n t e r v a l   f o r   o u t p u t   a t   g r i d  rows 

card #8, i n  number of t ime  steps. 

i n t e r v a l   f o r   f i r s t   b l a d e  row  domain 

output  (e.g., domains 1,  2, 3 and 4), i n  number 

o f   t ime   s teps .  

JPRT - same as IPRT except   for  second blade row 

domains  (e.g.,  domains 5, 6 and 7 ) .  The domains 

to be p r i n t e d   a t  IPRT and JPRT i n t e r v a l s   a r e  

s p e c i f i e d  on card #lo. T h i s   p r i n t   i n t e r v a l   i s  

independent o f   t h a t   s p e c i f i e d  by ITAPE0 on 
ca rd  #2. 

5-6 Domain i d e n t i f i e r s  IDA, IDB,  I D C ,  IDD,  I D E  o r  106 should be l e f t   b l a n k  

o r  set to  z e r o   f o r   t h a t   s p e c i f i c   p o i n t   n o t   t o  be p r in ted .  A l l  blanks 

or ze ros   imp ly   no   i nd i v idua l   g r i d   po in t   p r i n tou t .  
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Card No. Columns 

5 1-5 

6-10 

11-15 

16-20 

21  -25 

26-30 

31 -35 

36-40 

41 -45 

Forma t 

I5 

15 

15 
15 

I 5  

15 

15 

15 

15 

6 Def ines  three more 

Desc r ip t i on  

IDA, domain number o f   f i r s t   i n d i v i d u a l   g r i d  

p o i n t .  

J A Y  column number o f   f i r s t   i n d i v i d u a l   g r i d  

p o i n t .  

KAY row number o f   f i r s t   i n d i v i d u a l   g r i d   p o i n t .  

IDB, domain number o f  second i n d i v i d u a l   g r i d  

p o i n t .  

JB, column number o f  second i n d i v i d u a l   g r i d  

p o i n t .  

KB, row number o f  second i n d i v i d u a l   g r i d  

p o i n t .  

I D C ,  domain number o f   t h i r d   i n d i v i d u a l   g r i d  

p o i n t .  

JC, column number o f   t h i r d   i n d i v i d u a l   g r i d  

p o i n t .  

KC, row number o f   t h i r d   i n d i v i d u a l   g r i d   p o i n t .  

i n d i v i d u a l   g r i d   p o i n t s   w i t h   t h e  same format as 

card #5, i .e. ,  I D D ,  JD, KD; I D E ,  JE, KE; and lD6, J6, K6. 

7 1-5 15 I D C l ,  domain number o f   f i r s t   i n d i v i d u a l  column. 

6-10 I S  JCl, f i r s t  column number. 

11-15 15 IDC2, domain number o f  second i n d i v i d u a l  column. 

16-20 15 JC2, second  column number. 

21  -25 15 I D C 3 ,  domain number o f   t h i r d   i n d i v i d u a l  column. 

26-30 15 JC3, t h i r d  column number. 

31-35 15 lDC4,  domain number o f   f o u r t h   i n d i v i d u a l  column. 

36-40 15 JC4, f o u r t h  column number. 

41 -45 15 IDC5,  domain number o f   f i f t h   i n d i v i d u a l  column. 

46-50 ! 5  JC5, f i f t h  column number. 

51 -55 15 l D C 6 ,  domain number o f   s i x t h   i n d i v i d u a l  column. 

56-60 15 JC6, s i x t h  column number. 

8 D e f i n e s   s i x   i n d i v i d u a l  rows f o r   o u t p u t   w i t h   t h e  same format as card 

#7, i . e .  , I D R l  , KR1, . . . . , I DR6, KR6. 
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Card No. Columns 

9 1-5 

6-10 

11-15 

16-20 

21  -30 

31-35 

10 

Description 

JS,  number of meridional  mesh  columns  plus 1, 

in each domain.  (Presently  max JS=18). 

KS, number of circumferential  mesh rows, plus 
3, in each  domain.  (Presently  max KS=12). 

ISLLE, leading edge indicator (0 - spline fit 
of blade coordinates determines  the  leading 
edge  slopes; 1 - leading  edge  slopes  specified 
on cards #11 and #12). 

ISLTE, trailing  edge  indicator (0 - spline fit 
determines trailing edge slopes; 1 - trailing 
edge  slopes specified on cards #11 and #12). 

N!dBL, number of blades in first row. 
M!dBL, number  of  blades in second  row. (N.B. 

1 - < (M0BL/N0BL) - < 3/21. 

I f  no  domain  output  desired  card #10 may be blank. 

1-5 I5 IDP(1) 

11-15 15 I DP(3) 
6-10 I 5  I DP (2) 

16-20 15 I DP (4) 
21 -25 I5 I DP (5) 
26-30 I5 I D P ( 6 )  

31-35 I5  I DP (7) 

11-12 The  slopes specified  on cards # 1 

11 

sociated  leading edge indicator 

trailing edge  indicator ISLTE ( i  

1-10 E1O.O  CE1, merid 

11-20 E1O.O YUXLE(I), 

flags  for  output in domain 1 to 7 
(0 - delete complete output for this 

domain; 1 - domain  output  for  this 
domain is desired) 

1 and #12 are necessary if the as- 

I SLLE (input #3 on  card #9) or 

nput #4 on  card #9) is set  equal  to 1. 

ional length  of  first  blade  row; m. 
lower surface leading  edge  slope for 

first  blade row (upper  boundary of domain 3) ; 
rad/m. 

21 -30 E1O.O YLXLE(l), upper  surface  leading  edge  slope  for 

first  blade  row  (lower  boundary of domain 3); 
rad/m. 



.. ." . . . . .. . - ". . , .. .. 

Card No. Columns Format D e s c r i p t i o n  

11 31 -40 E1O.O YUXTE(1) , lower   sur face   t ra i ! ing  edge s lope   f o r  

f i r s t  b lade  row  (upper  boundary o f  domain 3) ; 
rad/m. 

41 -50 E1O.O YLXTE(l),  u p p e r   s u r f a c e   t r a i l i n g  edge s lope for 

f i r s t   b l a d e  row  (lower  boundary o f  domain 3 ) ;  
rad/m. 

Defines same data  as  card # 1 1  w i t h  same fo rmat   except   da ta   i s   fo r  

second  blade row i .e., CE2, YUXLE(2),  YLXLE(2), YUXTE(2) and 

YLXTE(2). I f  t h e r e   i s   n o  second  row,  columns 1-10 on  card #12 

card may be l e f t   b l a n k .  

row (IFBR = 1)  i .e.,  do- 

12 

equal  columns 1-10 on ca rd  # l l ,  and r e s t  of 

(N.B. CE2 must equal C E l  f o r  a s ing le   b lade  

mains 4 and 5 are   de le ted . )  

13 1-10 E 1 O . O  C 4 ,  mer id iona 

m. ( I f  the re  

blade  row mer 

1 l e n g t h   o f   i n t e r - b l a d e  row doma 

i s   o n l y  one blade row, ( % = f i r s t  

i d iona l   l eng th  = C E l . )  

14 1-10 E 1 O . O  CEO, m e r i d i o n a l   l e n g t h   o f  domain 1 ;  m. 

11  -20 E1O.O C E 7 ,  m e r i d i o n a l   l e n g t h   o f  domain 7;  m. 

15 

16 

N.B.  i f  l0NE = 1 ,  CEO and C E 7  must equal f i r s t   b l a d e  row  meridional 

l eng th  = CEl. 

15-19 Cards #15 - # l g  def ine  the  upper  and  lower  b lade  surfaces  for   the 

f i r s t   b l a d e  row. I f  r e s t a r t i n g   t h e  program w i t h  INEW=O ( i n p u t  #10 

on card #2) , omit   these  cards  f rom  input  deck.  

1-5' 15 NSPU(l),  number o f   da ta   po in ts   de f i n ing   upper  

boundary of  domain 3 ( l o w e r   s u r f a c e   o f   f i r s t  

blade  row). (max=36) 

NSPL(l ) ,  number o f   d a t a   p o i n t s   d e f i n i n g   l o w e r  

boundary o f  domain 3 ( u p p e r   s u r f a c e   o f   f i r s t  

blade  row). (max=36) 

E X ( l ) ,  mer id iona l   coo rd ina tes   o f   da ta   po in ts  

def in ing  lower  b lade  surface; m. 

6-10   I 5  

1-10 E 1 O . O  

i n ;  
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Card No. 

16 

17 

18-19 

20-24 

25-29 

25 

26 

Columns 

11-20 

1-10 

11-20 

Fo rma t 

E1O.O 

E 1 O . O  

E10.0 

E10.0 

E1O.O 

Desc r ip t i on  

EX(2) (N .B .  e i g h t   v a l u e s   t o  a card,  continue  on 

subsequent  cards  wi th same f o r m a t .   3 r i g i n  

. o f   b lade   coo rd ina tes   i s   t he   l ead ing  edge, 

i.e., EX(1) = 0.0.) 

EX(NSPU(I)) 

E Y ( l ) ,  c i rcumferent ia l   coord ina tes  

E Y ( 2 ) ,  defining  lower  blade  surface,  where 

. E Y ( l ) = O  ( o r i g i n   i s   t h e   l e a d i n g  edge of  

. the  b lade) ;   rad ians.  

EY(NSPU(2)) 

Cards #18 and #19 def ine  the  upper   b lade  sur face  in   the same format  as 

cards #16 and #17. 

Cards #20 - #24 def ine  the  lower  and upper  b lade  surfaces  for   the 

second  blade row i n   t h e  same format as cards #15 - #19. O r i g i n  o f  

coordinate  system i s  the  leading edge o f  second  blade row. I f  

t h e r e   i s  no  second row, o r  i f  r e s t a r t i n g  program w i t h  INEW=O ( i n p u t  

#10 on card #2) ,  omit   these  cards  f rom  input  deck.  

Cards #25 - #29 def ine  the  s t reamsheet   rad ius and thickness. I f  re- 

s t a r t i n g  program w i t h  INEW=O ( i n p u t  #10 on card #2), omit  these 

cards from input  deck.  

1-5 15 NS(l) ,  number of data  po ints   def in ing  s t ream- 

sheet  radius (max=36). 

6-10 15 NS(2), number o f   d a t a   p o i n t s   d e f i n i n g   s t r e a m -  

sheet  thickness (max=36). 

1-10 E1O.O EX( l ) ,  mer id iona l   coo rd ina tes   o f   da ta   po in ts  

11  -20 E 1 O . O  EX(2), def in ing  streamsheet  radius,   where EX=O 

. a t  J=2 i n  domain 2 ( i - e . ,   o r i g i n  o f  t h i s  

. coord ina te   sys tem  i s  a d i s tance  CE1 up- 

. stream o f   f i r s t  blade row); m. 

E1O.O EX(NS(I)) 
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Card No. Columns  Format  Description 

27  1-10 E1O.O E Y ( l ) ,  radial coordinates of data points 
1  1-20 E1O.O EY(2), defining  streamsheet  radius; rn. (These 

. coordinates  are converted  to AR(ID,J)) .  

28-29 Cards #28 and #29 def  Ine  the streamsheet  normal  thickness in the same 
format  as  cards #26 - #27. (These  coordinates  are  converted to BE(lD,J).) 

30  1-10 E10.0 BMG(l), angular velocity of  first  blade row (Rad/ 
sec). (Negative  for  clockwise  rotation;  see Fig- 

ure 2.) 

11 -20 E1O.O BMG(2), angular velocity of second  blade  row (Rad/ 

21-30 E1O.O P I ,  inlet static  pressure; N/m . 
sec). (BMG(2) - BMG(1) - > 0 is required.) 

2 

31-40 E1O.O T I ,  inlet static temperature; K. 

41-50 E10.0 UI, inlet  meridional  velocity; rn/sec. 

51 -60 E1O.O Wl, ratio of inlet circumferential  velocity (in 

absolute  coordinates) to  inlet meridional  velocity. 

(Negative in clockwise  direction,  see  Figure 2.) 

61-70 E1O.O  DELSSS, increase in non-dimensional  entropy 

(AS/C ) between  .inflow and outflow  boundaries 

to be included in initial data. (Usually = 0.) 
V 

31 1 - l @  E1O.O DAMPC, coefficient that multiplies  slipstream 

velocity  for  time  steps  from 0 to DAMPI (input 

#3 card #31). 

11-20 E1O.O  DAMPC1, coefficient that multiplies  slipstream 

velocity  for  time  steps  from DAMP11 (input #4 
card #31) to  end of case. 

21 -30 E1O.O DAMPI, time  step  number  that  terminates  usage 

of DAMPC coefficient as  slipstream  multiplier. 

31 -40 E1O.O DAMPI1, time  step  number that initiates  usage 

of DAMPCl coefficient. 

N.B. Between  time steps DAMPI and DAMP11 the  coefficient that multi- 

plies  slipstream  velocity  varies from DAMPC to DAMPCl using a cosine 

curve . 
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Card No. 

32 

33 

34 

35 

Columns 

1-10 

1 1  -20 

21  -30 

1-10 

11-20 

21 -30 

3 1-40 

41-50 

51 -60 

1-10 

1 1  -20 

Format 

E1O.O 

E1O.O 

E 1 O . O  

E1O.O 

E1O.O 

E1O.O 

E1O.O 

E1O.O 

E10.0 

E10.0 

E1O.O 

Descr ip t i on  

PFF, d ischarge  s ta t i c   p ressure ;  N/m . 
A F F ,  speed o f  sound a t   d i scha rge   s ta t i on ,  m!sec. 

UFF, mer id iona l   ve loc i t y   a t   d i scha rge   s ta t i on ;  

m/sec. 

R, gas constant;  N-m/kg=K. 

GAMMA, r a t i o   o f   s p e c i f i c   h e a t s .  

REYCR, t r a n s i t i o n  Reynolds number. ( C r i t e r i o n  

used f o r   t r a n s i t i o n   f r o m   l a m i n a r   t o   t u r b u l e n t  

boundary  layer   analys is . )  

XMU, dynamic v i s c o s i t y ;  N*sec/m . 
C0EFTH, weight ing  factor   for   averaging  s t ream- 

l i n e   a n g l e  and sur face   ang le   a t   lead ing  edge 

(range o f  0.0 t o  1.0, recommended v a l u e   i s  1.0). 

See Reference ( 1 )  , Equation (141).  

CBEFTE, we igh t i ng   f ac to r   f o r   ave rag ing   s l i ps t ream 

angle  and  sur face  angle  a t   t ra i  1 i ng  edge (range o f  

0.0 t o  1.0, recommended v a l u e   i s  . 6 6 6 7 ) .  See 

Reference  (1 ) , Equation ( 1  40) . 
UZ, non-dimensional  magnitude o f   l a r g e s t   t o t a l  

v e l o c i t y   v e c t o r   a n t i c i p a t e d   i n   f l o w   f i e l d  (used 

i n   e s t i m a t i n g  minimum v a l u e   o f  CFL s t a b i l i t y  

c r i t e r i on . )   Non-d imens iona l i zed   w i th   respec t   t o  

f ree-stream speed o f  sound;  see "Uni ts"   sub-sect ion 

2 

2 

above . 
CDT, t i m e   s t e p   m u l t i p l i e r   f o r  CFL s t a b i l  

t e r i o n  (recommended range i s  1 - < CDT - < 3 

The f o l l o w i n g   c a r d   d e s c r i b e s   t h e   f l o w   f i e l d   f o r   a n   i n i t i a l   r u n  

Only  one  card i s  necessary t o   d e f i n e   i n i t i a l   c o n d i t i o n s .  The i 
values P I ,  T I ,  U I  and VU01 a re   app rop r ia te   se lec t i ons ,   bu t   o the r  

values may be used. 

1-10 E1O.O PC, s t a t i c   p r e s s u r e ;  N/m2. 

11-20 E 1 O . O  TC, s t a t i c  temperature; K. 

t y   c r i -  

on ly .  

n l e t  
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Card No. Col umns Format D e s c r i p t i o n  

35 21 -30 E1O.O UC, m e r i d i o n a l   v e l o c i t y ,  m/sec. 

31-40 E1O.O V0UC, r a t i o   o f   a b s o l u t e   c i r c u m f e r e n t i a l   v e l o c i t y  

t o  m e r i d i o n a l   v e l o c i t y .  

Res ta r t i ng   t he  Program 

I n   g e n e r a l ,   s c r a t c h   f i l e s   i d e n t i f i e d  as TAPE1,  TAPE2,  TAPE3,  TAPE4,  TAPE8 

and TAPE9 must  be a l l o c a t e d   t o   t h e  program,  although  not a l l  will n e c e s s a r i l y  be 

used. TAPE9 i s  an (unformatted)  output f i l e  w h i c h   i s   w r i t t e n   a t   t h e   n o r m a l   t e r -  

m i n a t i o n   o f  a run ,   f o r   poss ib le   use   i n   res ta r t i ng   t he   run .  I t  conta ins   the   f low 

s o l u t i o n   a t   a l l   g r i d   p o i n t s .  TAPE8 i s  an   (un format ted)   inpu t   f i l e   f rom  wh ich  

the   da ta   s to red  as TAPE9 can  be  read t o   r e s t a r t  a run. TAPEl ,   TAPE2,   TAPE3 and 

TAPE4 a r e   o n l y  used when running a stage  having an  unequal number o f   b l a d e s   i n  

the  two  blade  rows.  In  th is  case,  these  four  f i les  are  used as ex terna l   s to rage 

devices, as w e l l  as to  provide  t ime-phased  boundary  data needed t o   r e s t a r t  a 

run. When an even number o f   p a s s i n g s   o f   t h e   f i r s t   b l a d e  row i s  completed, e.g., 

NBLADE = 2,4,6 etc . ,   then  the  requi red  data w i  1 1  be on T A P E l  and TAPE2. When an 

odd  number o f   pass ings  i s  completed,  the  data w i l l  be  on TAPE3 and TAPE4. I n  

e i t h e r   e v e n t ,  TAPE1 and TAPE2 w i  1 1  serve   as   the   inpu t   f i l es   fo r   the   t ime-phased 

boundary  data. Use o f  these f i l e s   i s  summarized below: 

TAPE1 and TAPE2 - i n p u t   f i l e s   f o r  time-phased  boundary  data. Also used  as 

s c r a t c h   f i l e s   f o r  t ime-phased  boundary  data  during a run, 

and  should be saved t o   r e s t a r t   t h e   r u n  i f  i t  terminates 

a f t e r  an - even number of   b lade  pass ings  ( i .e . ,  NBLADE = 

2,4,6, e t c . )  . 
TAPE3 and TAPE4 - s c r a t c h   f i l e s   s i m i l a r   t o  TAPE1 and TAPE2, but  never  used 

as t h e   i n p u t   f i l e s  when r e s t a r t i n g  a run. These f i l e s  

should be saved t o   r e s t a r t  a run i f  i t  t e r m i n a t e s   a f t e r  

an - odd number o f   b lade   pass ings  (i .e., NBLADE = 1,3,5, e t c . )  

I n   t h i s  case  these f i l e s  must be i d e n t i f i e d  as T A P E l  and 

TAPE2 when r e s t a r t i n g   t h e   r u n .  
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TAPE8 - a n   u n f o r m a t t e d   i n p u t   f i l e ,   c o n t a i n i n g   t h e   f l o w   s o l u t i o n   a t   a l l  

g r i d   p o i n t s ,  used to  i n i t i a l i z e   t h e   p r o b l z m  whzn r e s t a r t i n g  a run. 

TAPE9 - a n   u n f o r m a t t e d   o u t p u t   f i l e ,   w r i t t e n   a t   t h e  normal   te rmina t ion   o f  

a run,   which  prov ides  the  data for TAPE8. 

To r e s t a r t   t h e  program, Input  cards 1 through 34 are  necessary  wi th   the  fo l -  

lowing changes. I npu t   va r iab le  ISTART (card #2, I npu t  #1)  must  be s e t   t o  1. The 

f i n a l   t i m e   s t e p  for t h i s   r u n  must  be s e t   e i t h e r  by IDEBUG (card #2, input  #8)  o r  

NBLADE (card #3, input   #2) .  If r e s t a r t i n g   w i t h   t h e  same blade and streamsheet 

geometry, i .e., INEW = 0 (card #2, i npu t  # lo ) ,  cards # l 5  through #29 a re  removed 

from  the  input  deck. I t  may be d e s i r a b l e   t o  change some o ther   inpu ts  such as the  

t i t l e  card, INEW (card #2, i npu t  # lo) ,  IDELTA (card #3, input  #1)  , LBLADE (card #3, 
input  #3), I P I  (card #3, input  #5), IKP (card #3, i npu t  # 6 ) ,  p r i n t   o p t i o n s  on 

cards #4 - #8 and card # lo ,  and/or   s l ips t ream  ve loc i ty  damping c o e f f i c i e n t s  and 

range  values  on  card #31. I n   a d d i t i o n ,  i f  a case  has  converged t o  an asymptotic 

s o l u t i o n  and it i s  now des i rab le   to   d isp lay   d imens iona l   ou tpu t   ra ther   than non- 

dimensional   values,  for  example, a r e s t a r t   r u n  can  be  submitted where e i t h e r  

IDEBUG = f i n a l   t i m e   s t e p   o f   l a s t   r u n ,   o r  NBLADE = same value as l as t   submi t ta l ,  

and I P I  = 2, I K P  = 1,  IPRT = 1 and JPRT = 1. 

Because o f   p r e s e n t   r e s t r i c t i o n s   t o   t h e  program,  no r e s t a r t s  can be made 

w i t h  changes t o   t h e   v a r i a b l e s  OMG(I), OMG(2), o r  VOuI. 

Sample Input  

A sample i npu t   f o rm  i s   p resen ted   i n   F igu re  (6 ) .  Appendix A includes 

t h e   f i r s t  few  pages o f  a t y p i c a l  program  output  which  d isplays  the  input  data 

i n   c a r d  image format  wPth  the  appropriate  headings. 

PROGRAM OUTPUT 

A sample p r i n t o u t   f r o m  Program B2DATL i s   p r e s e n t e d   i n  Appendix A, and may 

be r e f e r r e d   t o   i n   c o n n e c t i o n   w i t h   t h e   f o l l o w i n g   d i s c u s s i o n .  The o u t p u t   i s   a r -  

ranged i n   f o u r   s e c t i o n s :   i n p u t   d a t a ,   i n i t i a l   d a t a  and constants   der ived  f rom 

the   inpu t   da ta ,   in te rmed ia te   ou tpu t ,  and  domain ou tpu t .  Domain ou tpu t   wh ich   i s  

d i m e n s i o n a l   i s   p r i n t e d   w i t h   t h e   a p p r o p r i a t e   u n i t s   i n   t h e   h e a d i n g ;   u n i t s   f o r   v a r i -  

ables  appear ing  in  the  other  sect ions  are  g iven  below. 



I 

Input  Data 

The i n p u t   d a t a   i s   p r i n t e d   i n   c a r d  image format  wi th  headings  corresponding 

to   those  on  the  input   form  (F igure 6). Th is   da ta  has  been descr ibed  in   the   p re-  

v ious  sect ion.  

I n i t i a l  Data  and  Constants 

The i n i t i a l   b l o c k   o f  computed data  cons is ts   o f   geometr ic   boundary  data,   i .e . ,  

d e f i n i t i o n   o f   t h e   b l a d e  and streamsheet  parameters a t   t h e   g r i d   p o i n t s ,  and  gen- 

era l   constants   der ived  f rom  the  input   data.  I t  i s   o n l y   p r i n t e d  once a t   t h e  be- 

g i n n i n g   o f  each  case,  i.e.,  on  the i n i t i a l   s u b m i t t a l   r u n .  

J I  ARRAY - Values o f  J i n d e x   o f   f i r s t   i n t e r i o r   g r i d  column o f  each  domain. 

JF ARRAY - Values o f  J i n d e x   o f   l a s t   i n t e r i o r   g r i d  column o f  each  domain. 

ES1 

ES2 

TIME 

PI 

A I  

TR 

XMUR 

ITIMEF 

DX 

DN 

DT 

J 

YU 

YL 

- Angular  distance  between  leading edges o f   f i r s t   b l a d e  row; rad. 

- Angular  distance  between  leading edges o f  second blade row; rad. 

- I n i t i a l   v a l u e   o f   n o n - d i m e n s i o n a l   e l a p s e d   t i m e   ( t i m e   i n  seconds 

= TIME-CEI/AI). 

- Value o f   s t a t i c   p r e s s u r e  used in   non-d imens iona l i za t ion ;  N/m . 
- Value o f  speed o f  sound  used in   non-d imens iona l i za t ion ;  m/sec. 

- Value o f   s t a t i c   t e m p e r a t u r e  used in   non-d imens iona l i za t ion ;  K- 
- Value of v i s c o s i t y   c o e f f i c i e n t  used in   non-d imensional izat ion;  

2 

N.sec/rn . 2 

- To ta l  number o f   t ime   s teps  t o  be computed. 

- Non-dimensional g r i d   s p a c i n g   i n   t h e   m e r i d i o n a l   d i r e c t  

(See Reference 1 ,  Equation 57.) 
- Non-dimensional g r i d   s p a c i n g   i n   t h e   c i r c u m f e r e n t i a l  d 

(See Reference 1, Equation 58.) 

ion,  An. 

i r e c t i o n ,  Av. 

- Non-dimensional  t ime  step, AT. (See Reference 1 ,  Equation 69.) 
- Grid  column  index. 

- Non-dimensional  angular  coordinate o f  upper  boundary o f  domain, 

i .e.; lower  surface  of   upper  b lade (8 /ES1 or 8 /ES2). 
Ut u2 - Non-dimensional   angular  coordinate  of   lower  boundary  of  domain, 

i .e. ;   upper  surface  of   lower  b lade (0, / E S l  o r  8 /ES2) .  
1 ,2 
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YUX - D e r i v a t i v e  o f  YU wi th   respect   to   non-d imensional   mer id ional   d is-  

tance, u (e.g.,  dB/du/ESl). 

Y LX - D e r i v a t i v e   o f  YL with  respect  to  non-dimensional   meridional   d is-  

tance, u .  

AR - Non-dimensional  streamsheet  radius ( r / C E l ) .  

BE - Non-dimensional  streamsheet  thickness  (b/CEl). 

ARX - D e r i v a t i v e  o f  AR wi th   respect   to   non-d imensional   mer id ional   d is-  

tance, u.  
BEX - D e r i v a t i v e   o f  BE with  respect   to   non-d imensional   mer id ional   d is-  

tance, u .  

On a r e s t a r t  run,   the  fo l lowing  data i s  p r i n t e d   i n   t h i s   s e c t i o n :  

IDL102 - An i n d e x   i d e n t i f y i n g   b l a d e  rows 1 and 2.  (IDL102 = ( lD-1) /2) .  

DSU(3) - Non-dimensional  displacement  thickness  along  upper  boundary, i .e.; 

lower   sur face  o f   upper   b lade  (corrector   va lue) .  

DSU(2) - Same as DSU(3)  ( p red ic to r   va lue ) .  

DSL(3) - Non-dimensional  displacement  thickness  along  lower  boundary, i .e.; 

upper  surface o f  lower   b lade  (corrector   va lue) .  

DSL(2) - Same as DSL(2) (p red ic to r   va lue ) .  

Intermediate  Output 

D a t a   p r i n t e d   i n   t h i s   s e c t i o n   c o n s i s t s   o f   f l o w   v a r i a b l e s   a t   s e l e c t e d   g r i d  

po in ts ,  columns and rows,  and s l i ps t ream  i n fo rma t ion ,   a t   t he   spec i f i ed   t ime  

i n t e r v a l s ,   i n   a c c o r d   w i t h   i n p u t   d a t a  on cards # 4 ,  #5, # 6 ,  #7, #8 and #lo.  The 

v a r i a b l e s   p r i n t e d   i n   t h i s   s e c t i o n   a r e :  

ITlME - Cur ren t   va lue   o f   t ime  s tep   counter .  

PHILE(I ,L) - Stream1 i n e   a n g l e   a t   l e a d i n g  edge o f  lower  blade o f  I t h  row, 

a t   t i m e   s t e p  ITIME-3+L; radians. 

PHITE(1 ,L) - S l i p s t r e a m   a n g l e   a t   t r a i l i n g  edge o f  lower  blade o f  I t h  row, 

a t   t i m e   s t e p  ITIME-3+L; radians. 

PHILP(1,L) - Same as PHILE(I,L),  but in   re fe rence  to   upper   b lade.  

PHITP(I ,L) - Same as PHITE(I  ,L),  but i n   r e f e r e n c e   t o  upper  blade. 
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PHIEX(L) 

YSXL(I  ,J,3) 

VSAY ( I , J) 

t 

IDC1, JC1 

IDR1, K R l  

The sec t i on  

- Angle  between  s l ipst ream  of   lower   b lade and the   mer id iona l  

d i r e c t i o n   a t   t h e   d i s c h a r g e  boundary, a t   t ime  s tep  ITIME-3+L; 

radians. 

- Same as  PHIEX(L) , but   in   re fe rence  to   the   upper   b lade.  

- C i r c u m f e r e n t i a l   c o o r d i n a t e   o f   s l i p s t r e a m   o f   l o w e r   b l a d e   o f  

t he  I row, a t   t h e  Jth g r i d  column and a t   t ime   s tep  ITIME, 

i n  a coord inate  system  at tached  to   the I th blade  row; m. 

- D e r i v a t i v e   o f  YSL w i th   respec t   to   mer id iona l   coord ina te ,   x .  

- Non-dimensional v e l o c i t y   o f   s l i p s t r e a m ,  v, o f  lower  blade 

t h  

- 
I 

. .  

of I row, a t   J t h   g r i d  column and a t   t i m e   s t e p  I T  

(See Reference 1, Equation  134.) 

t h  

- Same as YSL, b u t   w i t h   r e s p e c t   t o  upper  blade. 

- D e r i v a t i v e   o f  YSU w i th   respec t   to   mer id iona l   coord  

- Same as VSAY(  I ,.I), bu t   in   re fe rence  to   upper   b lade 

i 

- Domain, g r  

g r i d   p o i n t  

- Non-d imens 

- Non-dimens 

- Non-dimens 

i 

ME. 

nate, x. 

d column  and g r i d  row i n d i c e s ,   f o r   s p e c i f i e d  

p r i n t o u t ,  from  card PS. 
ona l   s ta t i c   p ressu re   (p /p I  1.  
o n a l   s t a t i c   d e n s i t y  ( p - A I  /P I ) .  

onal   mer id ional  component o f   v e l o c i t y   ( u / A l ) .  

2 

- Non-dimensional ( r e l a t i v e )   c i r c u m f e r e n t i a l  component o f  

v e l o c i t y   ( v / A l )  . 
- Non-dimensional ( r e l a t i v e )   t o t a l   i n t e r n a l   e n e r g y  (E’/AI ) .  
- Domain and g r i d  column i n d i c e s   f o r  lSt s e t   o f  columnar  out- 

put ,   f rom  card 57. (Depending  on input   data,  up t o  6 sets  

o f  column  output  for   t ime  step IT IME may be p r i n t e d . )  

2 

- Domain and g r i d  row  ind ices   fo r  1 s e t   o f  row output,   f rom s t  

ca rd  #8. (Depending  on  output  data, up t o  6 s e t s   o f  row ou t -  

p u t  for  t ime  s tep  ITIME may be p r i n t e d . )  

Domain Output 

c o n t a i n s   t h e   p r i n c i p a l   s t a t e m e n t   o f   t h e   f l o w   s o l u t i o n   a t  a se- 

lected  t ime  s tep.  The o u t p u t   i s   a r r a n g e d  by g r i d  columns,  beginning  wi th  the 

f i r s t  domain and p roceed ing   t o   t he   l as t .  (Domains no t  used i n  a p a r t i c u l a r  case 

are, o f  course,  deleted.)  The s o l u t i o n   a t  a p a r t i c u l a r   g r i d  row i s   t a b u l a t e d  

f i r s t   i n  non-dimensional  form, i n  ascending  order o f   t h e  row  index K ( i .e.,  
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proceeding  from  the  bottom of the  domain  to  the top).  If dimensional  output is 

requested (IKP = l ) ,  a second  tabulation is printed  for  each  column. In this 
section, all dimensional  variables  are  identified by the appropriate units in 

the  printed  heading, and all non-dimensional  variables  are  identifiable by the 
absence of units in the  heading. The variables  appearing in this  section  are 
defined  as follows (where it is understood that the  term  relative  only  applies 

in those  domains  attached to a rotating  blade row): 

ITIME 
TI ME  
I D  

J 

X 

MD$T 

K 
Y 

P 
RH$ 

U 

V 

E 

T 
H 
M 
S 

- Time step  counter. 
- Elapsed time since run was  initiated. (ITIME=AT-AI/CEl.) 

- Domain  index. 
- Grid column  index. 
- Meridional  distance  (measured  from a station located one  meridional 

chord  length,  CEl,  upstream  of  the  first  blade  row); m. 
- Weight  flow  rate  crossing  the  passage at the J t h  column;  kg/sec. 
- Grid row  index. 
- Circumferential  coordinate  of grid point, in an absolute  frame of 

reference  defined at initiation  of  the run; m or radians. 

- Static  pressure, p. (Non-dimensional, p/PI,  or dimensional, N/m .) 
- Static  density, p .  (Non-dimensional, p - A I  /PI, or dimensional, 

- kg/m .) 

2 

2 
3 

Meridional  component o f  velocity, u. (Non-dimensional, u / A l ,  or 

- dimensional, m/sec.) 
Relative  circumferential  component  of  velocity, v. (Non-dimensional, 

- v/Al,  or  dimensional, m/sec.) 
Relative total  internal energy, E’. (Non-dimensional, E’/AI .) 

- Static  temperature.  (Non-dimensional,  T/TR, or dimensional, K . )  

- Relative total enthalpy, H’. (Non-dimensional, H’/AI .) 

- Relative Mach  number. 
- Non-dimensional  entropy  rise ( (S-S-ol)/Cv). 

2 

2 

The following  variables  only  appear in the  optional prir!?,c:ec obtained  with 
I KP=l : 

Q - Magnitude o f  the  relative  velocity  vector, V; m/sec. 
+ 

BETA - Angle  between  the  relative  velocity  vector, V ,  and the  meridional -f 

direction; radians. 
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- 1  

PT - Abso lu te   to ta l   p ressure ;  N/m . 
STREAM 
FNCT - The i n t e g r a l   o f   t h e   w e i g h t   f l o w   r a t e   f r o m  K=4 to  the  Kth g r i d   p o i n t  

2 

d iv ided  by  MDBT, a t   t h e  Jth g r i d  column. I n  domains 1 and 2 ,  the 

lower 1 imit o f   t h e   i n t e g r a l   i s  a mer id iona l   p lane (i .e., e=constant) 

i n te rsec t i ng   t he   l ead ing  edge o f   t h e   l o w e r   b l a d e   o f   t h e   f i r s t  row, 

r a t h e r   t h a n   t h e   g r i d  row K=4. I n  a s teady  f low,   l ines of constant 

STREAM  FNCT are   s t reaml ines .  

The s l   ips t ream  in fo rmat ion   inc luded  in   the   " In te rmed ia te   Outpu t "   sec t ion ,  

i .e.,  Y S L ,  Y S X L ,  VSAY, e t c . ,   p e r t a i n i n g   t o  domains 4, 6 and 7 a r e   a l s o   p r i n t e d  

fo l l ow ing   t he  domain  output   for   each  o f   these  sect ions.  

Normal t e r m i n a t i o n   o f  a run i s   i n d i c a t e d  by the  message I T A P E 3  I S  WRITTEN1t. 

AS d iscussed  in   the   sec t ion   "Restar t ing   the  Program", t h i s   f i l e  may be  saved t o  

cont inue  the   run   f rom  the   las t   t ime  s tep .  

PROGRAM STRUCTURE 

Flow  Chart  of  Overall  Program 

The program s t a r t s   i n  B2DATL w h i c h   c a l l s  UNCgM2.  No r e t u r n  t o  B2DATL occurs. 

All o t h e r   c a l l e d   r o u t i n e s   r e t u r n   t o   t h e   c a l l i n g   r o u t i n e .  The program e x i t s   f r o m  

UNCgM2. A f l ow   cha r t   f o r   t he   ove ra l l   p rog ram  ope ra t i on   i s  shown i n   F i g u r e  ( 7 ) .  

Indiv idual   Rout ine  Flow  Charts 

The f l o w   c h a r t s   o f   t h e  main  rout ine,  B2DATL and subrout ine UNCaM2 a re  shown 

been included 

I f  ev ident .  

low  charts of a l l   o t h e r   r o u t i n e s  have no t  

l l y   " s t ra igh t   t h rough ' '   pa ths   wh ich   a re   se  

on Figures (8) and (9) .  F 

because  they  fo l low  v i r tua 

Desc r ip t i on   o f   Subrou t ines  

Name Descr i p t  i on 

B2DATL Reads i n i t i a l   d a t a ,  computes blade shapes  and streamsheet  geometry, 

ca l cu la tes  mesh s i ze ,  computes t ime  step, and i n i t i a l i z e s   a l l  

var iab les.  
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Q B2DATL 

I 

SPLINT  UNC0M2  EXTRA2 

I T E R 1  

FIGURE 7.  - CALLING  RELATIONSHIP  OF SUBROUTINES I N  PROGRAM BPDATL. 
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7 START 

\ I N P U T  

~ "-7 READ AND \JR I T E  

V A R I A B L E S  

READ - BLADE  SHAPES 

RADIUS  AND  THICKNESS 

S P L I N E   F I T   B L A D E  

SHAPES  AND  STREAMSHEET 
RAD I US  AND TIi I CKNESS 

READ  AND  WRITE - PROGRAM 
CONSTANTS, I NF I N 1 TY 

CONDITIONS  AND  DISCHARGE 
PROPERTI  ES 

RESTART 

\ V A R ~ ~ L E S  / ,, 
N 

I N I T I A L I Z E  READ  FLOW 
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INDIVIDUAL 
ROW PR I FIT 

\ /  

ETC. OF1 TAPE9 FOR 

SHAPES FOR NE\J T IME  STEP 

F I G U R E   g ( C o n t  inued) . FLOW CHART OF SUBROUTINE 
UNCBM2 
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Name D e s c r i p t i o n  

UNC0M2 C a l l s   o t h e r   r o u t i n e s   f o r   i n t e r i o r  and  boundary p o i n t   c a l c u l a t i o n s ,  

advances the   t ime  s tep ,   wr i tes   p rogram  var iab les  on d i s k   f i l e   f o r  

r e s t a r t  and wri tes  normal  program  output.  

ITER1 

TRE D 

SURF 

SLIP 

Advances i n t e r i o r   g r i d   p o i n t   s o l u t i o n   f r o m   t i m e  "t" to  " t + A t " ,  

by MacCormack a lgo r i t hm.  (See Reference 1, Equations 64 t o  68.) 

Eva lua tes   f l ow   p roper t i es   a t   t he   l ead ing  and t r a i l i n g  edge o f  

blades,  namely a t  (ID,J,K) = (2,12,K),  (3,2,K),  (3,JS,K),  (4,2,K), 

(5,2,K),  (5,JS,K)  and  (6,2,K),  where K = 3, 4, KS and KS+l. TRED 

a lso   eva lua tes  two s p e c i a l   p o i n t s   c a l l e d   t h e  "A" p o i n t s   a t   t h e  

leading edge o f   t h e   b l a d e s   i n  domain 5 (see  Reference 1, F igure 

gb). The va lues   a re   s to red   a t   P15(1) ,   R15(1) ,   U l5 (1)  and V l 5 ( 1 )  

where I = 1 for  the  lower  boundary,  i .e.,  K = 4, and I = 2 for  the 

upper  boundary,  i.e., K = KS. These po in ts   bear   the  same r e l a -  

t i o n s h i p   t o  domain 5 as p o i n t s  (2,JS,K) w i t h  (K = 4 o r  K = KS) 

bear t o  domain 3, and a r e  used fo r   eva lua t ing   the   boundary   cond i -  

t i o n s   i n  VEB4 (d i scussed   l a te r ) .  TRED a l s o   d e f i n e s   t h e   s t r e a m l i n e  

angles PHILE, PHILP, PHITE and PHITP a t   t h e   l e a d i n g  edges  and 

t r a i l i n g  edges. (See Reference 1, Equations 140 and 141.) 

Eva lua tes   t he   f l ow   p roper t i es  on the  upper and lower  b lade  sur-  

faces   i .e . ,   a t  ( ID,J,K) where I D  = 3 o r  5 and K = 4 o r  12, and 

J var ies  f rom 3 t o  JS - 1. (See Reference 1 ,  Equations 129 t o  

132d .> 
Computes the   s l i ps t ream shapes  and the   f l ow   p roper t i es   a long   t he  

upper  and  lower  slipstreams a t   t i m e  t + A t .  Th is   rout ine  handles 

t h e   g r i d   p o i n t s  ( ID,J ,K)  where I D  = 4, 6 and 7; K = 3 ,  4, KS and 

KS+I; and J var ies   f rom 3 t o  JS-1 ( o r   t o  JS i n  domain 6 when domain 

7 i s   a c t i v e ) .  SLIP a l so   de f i nes   t he   s l i ps t ream  mo t ion   a t   t he  new 

time. (See Reference 1,  Equations 133 - 137b.) I n  the c.ase o f  

equal numbers o f   b lades   o r   a   s ing le   b lade row, on ly   the  lower  

s l i ps t ream  so lu t i on   i s   no rma l l y   ob ta ined ,  and  the  upper  s l ipstream 

s o l u t i o n   i s   e q u a t e d   t o   t h e   l o w e r  one ( I C 0 R  = 0) .  For  the  case o f  

unequal  numbers of   b lades  the  upper  and  lower  solut ion  are  evalu- 

ated  independent ly.  
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- Name Descr i p t   i o n  

dNES I D Performs  the same opera t i on  as  SLIP for t h e   l a s t   p o i n t s  on  the 

s l i p s t r e a m   i n  domain 4 and  domain 6 ( i f  7 i s   i n a c t i v e )   o r  do- 

main 7 ( i f  domain 7 i s   a c t i v e ) ;  namely, a t  (ID,JS,K) where I D  

i s  4, 6 o r  7 as s p e c i f i e d  above  and K i s   t h e  same as  def ined 

i n  SLIP. ONESID a l so   de f i nes   t he   s l i ps t ream  mo t ion   a t   t he  

in te rsec t ion   w i th   the   d ischarge  boundary .  (See d i s c u s s i o n   i n  

Reference 1.) 

WAKE 

V E B l  

UN EQ 

Calcu lates  b lade wake p roper t i es ,  i .e., u H i ,  6 and 6T. 

(See Reference  1 , Equations 205 , 206, 208 and  214, o r  225 t o  

229. 

m’ 

Evaluates a l l   ve r t i ca l   boundar ies   o the r   t han   t hose  done  by VEB4 

and VEBS, by   equa t ing   o r   i n te rpo la t i ng   da ta   i n   ad jacen t  domains, 

except  the  in let   boundary,   i .e. , ( lD,J,K) = (1,2,K) i f  domain 1 

i s   a c t i v e ,   o r  (2,2,K) i f  domain 1 i s   d e l e t e d ,  and the  discharge 

boundary,  i.e.,  (ID,J,K) = (7,JS,K) i f  domain 7 i s   a c t i v e   o r  

(6,2,K) i f  domain 7 i s   d e l e t e d .  The i n l e t  boundary s o l u t i o n   i s  

performed  by  subroutine CHAR1 and the  discharge  boundary  solu- 

t i o n   i s  performed by CHARPI, bo th   o f   wh ich   a re   ca l l ed   by  VEB1. 

S p e c i f i c a l l y ,  V E B l  sets  the  fo l lowing  ( ID,J,K)  boundary  values: 

(2,JS,K) = (3,2,K), (4,2,K) = (3,JS,K) and  (6,2,K) = (5,JS,K), 

except   fo r   po in ts   eva lua ted  by TRED; (3,1,K) = (2,JS-1 ,K) , (5,JS+l , K )  

= (6,3,K); and i f  domains  1  and 7 a r e   a c t i v e ,  (2,1,K)  and  (6,JS+l ,K) 

a r e   i n t e r p o l a t e d   f r o m   w i t h i n  domains 1 and 7 respec t i ve l y .  I f do- 

mains l and 7 are  de leted,  CHAR1 and CHARB, d i s c u s s e d   e a r l i e r ,  

eva luate (2,2,K) and  (6,JS,K);  (3,JS+l,K) i s   i n t e r p o l a t e d  from be- 

tween (4,JLE,K) and  (b,JLE+l,K) i f  domain 4 i s   a c t i v e   o r  (3,JS+I,K) 

= (6,2,K) i f  domain 4 i s   d e l e t e d .  (N.B. f o r   t h e   l a t t e r  CE2 = CE1.) 

Retr ievesdata  f rom TAPE1,  TAPE2, TAPE3 and TAPE4 as  needed f o r  

t ime-phased  boundary  condit ions  in  cases  with  unequal numbers o f  

b lades   in   the   two  b lade rows. 
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Name 

VEB4 

- 

VEB5 

HBBA 

CHAR I 

CHAR0 

ACCB 

HBBB 

SPL 1 NT 

FAT 

QSBLV 

Descr i p t  i on 

Eva lua tes   the   p roper t ies   on   the   ver t i ca l   ou t f low  boundary  of 

domain 4, i.e., (ID,J,K) = (4,JS,K) where K var ies   f rom 5 t o  

KS - 1. 

E v a l u a t e s   t h e   p r o p e r t i e s   o n   t h e   v e r t i c a l ,   v i r t u a l   i n f l o w  bound- 

a r y  o f  domain 5, i .e., ( I D , J , K )  = ( S , l , K ) ,  based  on l i n e a r  

i n t e r p o l a t i o n   o f   t h e   i n t e r i o r   s o l u t i o n  o f  domain 4 a t   t h e  same 

p h y s i c a l   l o c a t i o n s .  

Equates e x t e r i o r   g r i d   p o i n t   s o l u t i o n s ,   a t   t h e   p o i n t s  ( ID,J,K) 

f o r   a l l  I D ,  a l l  J ,  and K = 1 ,  2, KS+2, and KS+3, to   corresponding 

i n t e r i o r   p o i n t   s o l u t i o n s .   I n   a d d i t i o n ,   t h e  same o p e r a t i o n   i s  

performed  for   subset K = 3 and KS+l a t  those  boundaries  not 

evaluated  by TRED, S L I P  and ONESID.  

Imposes i n l e t  boundary  condi t ions  and  per forms  in le t   s ta t ion 

s o l u t i o n  by  method-of -character is t   ics   (ca l   led  by VEB1). (See 

Reference 1, Equations 87 t o  97.) 

Imposes discharge  boundary  condit ions  and  performs  discharge 

s t a t i o n   s o l u t i o n  by method-of-character ist ics  (cal led  by  VEBl) .  

(See Reference 1 , Equations 98 t o  108.) 

Performs i n l e t  and  discharge  stat ion  boundary  condi t ions by 

a c o u s t i c   f a r   f i e l d   a n a l y s i s .   ( P r e s e n t l y  a dummy rou t ine ,   wh ich  

may be replaced  by  coding  contained  in  Reference 2.) 

S p l i n e  f i t  i n t e r p o l a t i o n   r o u t i n e   w h i c h  uses a s p e c i f i e d   f i r s t  

d e r i v a t i v e  as  the  end-point   condi t ion.  

Sp l i ne  f i t  i n t e r p o l a t i o n   r o u t i n e   w h i c h  uses the  end-point  con- 

d i t i o n   t h a t   t h e  second d e r i v a t i v e   a t   e i t h e r   e n d - p o i n t  i s  one- 

h a l f   t h a t   o f   t h e   n e x t   s p l i n e   p o i n t .  

P e r f o r m s   l i n e a r   i n t e r p o l a t i o n   o f   v a r i a b l e s .  

Solves  for   pressure,   g iven  the  va lues  o f   pu,  puH, pu + p,  and 

v/u . 
2 
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- Name Descr i p t   i o n  

PS0LV Solves   fo r   p ressure ,   g iven   the   va lues   o f  pu, pu + p, v and H. 
2 

AAB B S o l v e s   f o r  AA and BB used i n  boundary  layer  computations,  i.e., 

36*/3x = AA(Re)-BB.  (See Reference 1, Equations 170 t o  174.) 

EXTRA2 A dummy rout ine  which  can be  used to   rep lace   e lemen ts   o f   t he  

i n i t i a l   d a t a   r e a d   f r o m  TAPE8 on a restar t   run.   Requi res recom- 

p i l a t i o n  o f  EXTRA2 w i t h   a p p r o p r i a t e  F0RTRAN statements t o   d e f i n e  

those  var iab les   wh ich   the   user   wants   to   a l te r .  

ACC2 I n t e r p o l a t e s   s l i p s t r e a m   l o c a t i o n   f o r  new t i m e   s t e p   a t   t h e   g r i d  

column  posi t ions.  (See Reference 1, Equations 138 and  139.) 

D i c t i o n a r y  O f  P r i nc ipa l   Va r iab les  

The p r i n c i p a l  FBRTRAN var iab les   a re   de f ined  be low.  The present  dimensions 

p e r m i t   a n a l y s i s  o f  7 domains w i t h  up t o  19 g r i d  columns  and 15 g r i d  rows ( i n -  

c l u d i n g   e x t e r i o r   o r   v i r t u a l   p o i n t s )   i n  each  domain. In   genera l ,  a dimension o f  

2 i nd i ca tes   re fe rence   t o   t he   two   b lade  rows. I n   t h e  case o f   t r i p l y   s u b s c r i p t e d  

va r iab les ,  a 3 i n   t h e   f i r s t   s u b s c r i p t   r e f e r s   t o   t h e   t h r e e  domains i n  wh ich   s l i p -  

streams  occur  ( i .e. ,  1 denotes domain 4, 2 denotes domain 6 and 3 denotes domain 

7) ,  w h i l e  a 3 i n   t h e   l a s t   s u b s c r i p t   r e f e r s   t o   ( 1 )   t h e   i n i t i a l   v a l u e ,  (2) the  pre- 

d i c t o r   v a l u e ,  and (3)  t he   co r rec to r   va lue .  A dimension o f  9 i s  used i n  connec- 

t ion  wi th   the  t ime-phased  boundary  condi t ions.  A dimension o f  19 r e f e r s   t o   t h e  

maximum number o f  g r i d  columns,  and 15 to the maximum number o f  g r i d  rows. The 

l a s t  t w o  values  represent  the  only  two  dimensions  which need t o  be inc reased  to  

pe rm i t   use   o f  a f i n e r   g r i d   s p a c i n g ; ' t h e   r o u t i n e s  and common blocks  which  must be 

changed t o  a c c o m p l i s h   t h i s   a r e   l i s t e d   i n  Appendix B. 

Name Dimension Common D e f i n i t i o n  

AR (7,191 /ARBE/ S t  reams heet  rad i us. 

BE (7,191 /ARBE/ Streamsheet  thickness. 

CEO /Z/ M e r i d i o n a l   c h o r d   o f  domain  1; rn. 
CE1 /J/ M e r i d i o n a l   c h o r d   o f  domains 2 and 3;  m. 
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Name 

CE2 

CE7 

c4  
DS L 

- 

DS LM 

DS LR 

DSS L 

DS S LM 

DSSU 

DSSUM 

DSU 

DS UM 

DSUR 

DT, DTF , DT82 

DX 

ES 1 

Dimension Common 

/J/ 

/Z /  

/J/ 

(2,19,3) /Q/ 

/UQ/ 

/Q/ 

/UQ/ 

/Q/ 

/UQ/ 

/UQ/ 

/H/ 

/Z/  

/J/ 

D e f i n i t i o n  

M e r i d i o n a l   c h o r d   o f  domains 5 and 6 ;  m. 

M e r i d i o n a l   c h o r d   o f  domain 7; m. 

Mer id iona l   chord   o f  domain 4; m. 

Displacement  thickness  on  upper  surface of 

lower  blade. 

Displacement  thickness  on  lower  surface  of 

lower   b lade  a t  J=l, 2, 3, and 4. (Used when 

I BLEQ=l..)* 

Displacement  thickness on lower  surface  of 

lower   b lade  a t  J=JS-2,  JS-1, JS and JSI-1. 

(Used when I BLEQ=1.) 

Wake displacement  th ickness  along  s l ipstream 

o f  lower  blade. 

Displacement  th ickness  along  inter ior   s ide 

o f   l ower   s l   i ps t ream.  (Used when lBLEQ=l.) 

Wake d isp lacement   th ickness  a long  s l ipst ream 

o f  upper  blade. 

Displacement  th ickness  along  inter ior   s ide 

o f  upper  sl ipstream. (Used when IBLEQ=l.) 

Displacement  th ickness  on  lower  surface  of  

upper  blade. 

Displacement  thickness  on  upper  surface of  

upper  blade a t  J = 1, 2, 3 and 4. (Used 

when IBLEQ=l.) 

Displacement  thickness  on  upper  surface o f  

upper  blade a t  J = JS-2,  JS-1, JS and JS+l .  

(Used when I BLEQ=l.) 

Non-dimensional  time  step. 

Non-dimensional  meridional mesh length.  

C i rcumferent ia l   ang le  between  two  blades 

of f i r s t   b l a d e  row; radians. 

;fA number o f   a d d i t i o n a l   v a r i a b l e s   a r e   i n t r o d u c e d  by the  time-phased  boundary  con- 
d i t i o n s  employed f o r  unequal numbers o f   b lades .  These are  denoted by t he  com- 
ment  "used when lBLEQ=l". 
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Name 

ES2 

- 

El 

E2 

GAMMA 

GAML1 

I BCE 

I B LEQ 

I D  

I DEBUG 

I DELTA 

I F0R 

I NEW 

I ONE 

I REST 

I SLLE 

I S LTE 

I START 

ITER 

ITIME 

J 

JF 

J I  

Dimension Common 

/J/ 

/ Z/ 

/ Z/ 
/C/ 

/ C /  

/C /  

/ C /  

/ L/ 

/C /  

/ C /  

/EXTRA/ 

/C /  

/C /  

/ L/ 

/C/ 

/L/ 

/C/  

/N1/ 

/N1/ 

D e f i n i t i o n  

C i  rcurnferent i a i  ang1.e between  two  blades 

o f  second  blade row; radians. 

R e l a t i v e   t o t a l   i n t e r n a l   e n e r g y   a t   b e g i n -  

n i n g   o f  each  time  step. 

R e l a t i v e   t o t a l   i n t e r n a l   e n e r g y   a t  end of 

each  t ime  step. May be e i t h e r   p r e d i c t o r  

or co r rec to r   va lue .  

R a t i o   o f   s p e c i f i c   h e a t s .  

GAMMA- 1. 

I n l e t  and  discharge  boundary  condit ions 

i n d i c a t o r   ( i n p u t ) .  

Equal number o f   b l a d e s   i n d i c a t o r   ( i n p u t ) .  

Domain index. 

Final   t ime  step  for   run,   equal   b lade  stages 

o r   s i n g l e   s t a g e   ( i n p u t ) .  

V i s c o s i t y   i n d i c a t o r   ( i n p u t ) .  

Number o f   b l a d e  rows i n d i c a t o r   ( i n p u t ) .  

New stage  geometry   ind ic tor   ( input ) .  

I n d i c a t o r   f o r  domains 1 and 7 ( i n p u t ) .  

I n t e r n a l   i n i t i a l   s t a r t  (I) and con t inua t ion  

(0) i n d i c a   t o r .  

Leading edge s lope   i nd i ca to r   ( i npu t ) .  

T r a i  1 i ng  edge s l o p e   i n d i c a t o r   ( i n p u t ) .  

Res ta r t   i nd i ca to r   ( i npu t )  

MacCormack p r e d i c t o r / c o r r e c t o r   i t e r a t i o n  

counter .  

Time  step  from  beginning  of  case  (modif ied 

i n t e r n a l l y  by a d d i t i o n   o f  NNN when IBLEQ=l). 

Mer id ional  mesh column  index. 

F i n a l   i n t e r i o r   m e r i d i o n a l  mesh column o f  

each  domain. 

i n i t i a l   i n t e r i o r   m e r i d i o n a l  mesh column 

o f  each  domain. 
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Name 

JS 

- 

JSL 

JSM 

JSP 

K 

KS 

KS L 

KS M 

KS 0 

KS P 

KSQ 
LBLADE 

M0B L 

NBLADE 

N0BL 

0MG 
P H I  EX 

PH I EY 

P H I  LE 

PHI  LP 

PH I TE 

Dimens ion  Common 

/C/  

/C/  

/C/ 

/C /  

/C /  

/KS/ 

/C /  

/KS/ 

/C /  

/KS/ 

/C /  

/ C /  

/C /  

/C/  

/N1/ 

/PHX/ 

D e f i n i t i o n  

Number o f  mer id iona l  mesh l i n e s  + 1 i n  

each domain ( i n p u t ) .  

JS-2 

JS- 1 

JS+l 

C i r c u m f e r e n t i a l   g r i d  row  index. 

Number o f   c i r c u m f e r e n t i a l  mesh rows + 3 
i n  each  domain ( i n p u t ) .  

KS-2 

KS- 1 

KS+1 (KS0 i s   a t   t h e  same c i r c u m f e r e n t i a l  

l o c a t i o n  as KS f o r   t h e  same mer id ional  

index J . )  

KS+2 

KS+3 

P r i n t   i n d i c a t o r   f o r  domain v i r t u a l   p o i n t s  

( i n p u t ) .  

Number o f   b l a d e s   i n  second  row ( i n p u t )  . 
Number o f   b lade   pass ings   ( i npu t ) .  

Number o f   b l a d e s   i n   f i r s t  row ( i n p u t ) .  

A n g u l a r   v e l o c i t y   ( i n p u t ) .  

Angle o f  lower   b lade  s l ips t ream  w i th   respec t  

t o  mer id iona l   d i rec t i on   a t   d i scha rge   s ta t i on ;  

rad i ans . 
/PHINEW/ Angle of  upper   b lade  s l ipst ream  wi th   respect  

t o   m e r i d i o n a l   d i r e c t i o n   a t   d i s c h a r g e   s t a t i o n ;  

radians. 

/PL/ Ang le   o f   f l ow   d i rec t i on   a t   l ead ing  edge o f  

lower  blade;  radians. 

/PHINEW/ Angle of  f low d i r e c t i o n   a t   l e a d i n g  edge o f  

upper  blade;  radians. 

/pH/ Angle o f   s l i p s t r e a m   a t   t r a i l i n g  edge o f  

lower  blade;  radians. 
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Name 

PH I TP 

- 

PM 

PMM 

PMP 

P 1  

P 1 5  

P 2  

p3 

P3M 

REYCR 

RM 

RMM 

RMP 

RUST 

R1 

R 1 5  

Common D e f i n i t i o n  

/PHINEW/ Angle of s l i p s t r e a m   a t   t r a i l i n g  edge of 

/P1 /  

/UQ/ 

/UQ/ 

/P/  

/Q15/ 

/ /  

/ P 1 /  

/UQ/ 

/UQ/ 

/z/ 
/ P I /  

/UQ/ 

/UQ/ 

/UQ/ 

/P/  

/Q15/ 

upper  blade;  radians. 

S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K=KS+2. 

(Used when I BLEQ= 1 . ) 
S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K=KS+l. 

(Used when I BLEQ=l . ) 
S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K=KS+3- 

(Used when I BLEQ=l.  ) 

S t a t i c   p r e s s u r e   a t   b e g i n n i n g   o f  each  time 

step. 

S t a t i c   p r e s s u r e   a t   l e a d i n g  edge “A” p o i n t  

o f  domain 5 .  (See F igure 9 b  of Reference 1 . )  

S t a t i c   p r e s s u r e   a t  end o f  each  t ime  step. 

May be e i t h e r   p r e d i c t o r   o r   c o r r e c t o r   v a l u e .  

S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K=2. (Used 

when I BLEQ=1 . ) 
S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K=3. 

(Used when I B L E Q = l  . ) 
S t a t i c   p r e s s u r e   a t   v i r t u a l   p o i n t  K = l .  

(Used when I B L E Q = l . )  

C r i t i c a l  Reynolds number. 

S t a t i c   d e n s i t y   a t   v i r t u a l   p o i n t  K=KS+2. 

(Used when I 

S ta t i c   dens i  

(Used when I 

S t a t i c   d e n s i  

(Used when I 

Weight  f low 

BLEQ=l .>  

t y   a t   v i r t u a l   p o i n t  K=KS+1. 

BLEQ=l .) 

t y   a t   v i r t u a l   p o i n t  K=KS+3. 

BLEQ=l . )  

r a t e   a t  each s tat ion;   kg/sec.  

(Used when I BLEQ=l.)  

S t a t i c   d e n s i t y   a t   b e g i n n i n g   o f  each  time 

step. 

S t a t i c   d e n s i t y   a t   l e a d i n g  edge I tA ”  p o i n t  

o f  domain 5. (See F igure 9 b  of Reference 1 . )  
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Name 

R2 

- 

R3 

TH M 

TH N 

UM 

UMM 

UMP 

u1 

U15 

u2 

u3 

VSAY 

VM 

Dimension Comnon 

/ /  

/P1/ 

/UQ/ 

/UQ/ 

/YTH/ 

/YTH/ 

/P1/ 

/UQ/ 

/UQ/ 

/P/ 

/Q15/ 

/ /  

/P1/ 

/UQ/ 

/UQ/ 

/VSAY/ 

/P1/ 

D e f i n i t i o n  

S t a t i c   d e n s i t y   a t  end of each  t ime  step. 

May be e i t h e r   p r e d i c t o r  or cor rec tor   va lue .  

S t a t i c   d e n s i t y   a t   v i r t u a l   p o i n t  K=KS+2. 

(Used when I BLEQ=l . ) 
S t a t i c   d e n s i t y   a t   v i r t u a l   p o i n t  K=KS+l. 

(Used when I BLEQ=l . ) 
S t a t i c   d e n s i t y   a t   v i r t u a l   p o i n t  K=KS+3. 

(Used when I BLEQ=l .) 

Leading edge mean angle;  radians. (See Fig- 

ure 9b o f  Reference 1 .) 
T r a i l i n g  edge mean angle;  radians. (See Fig- 

u re  9a o f  Reference 1 .) 
M e r i d i o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K=2. 

(Used when IBLEQ=l.) 

M e r i d i o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K=3. 

(Used when IBLEQ=l.) 

M e r i d i o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K= l .  

(Used when I BLEQ=l . ) 
Mer id iona l   ve loc i t y   a t   beg inn ing  of each 

t ime  step. 

M e r i d i o n a l   v e l o c i t y   a t   l e a d i n g  edge "A" 

p o i n t  of domain 5.  (See F igure 9b of  Re- 

ference 1 . ) 
M e r i d i o n a l   v e l o c i t y   a t  end o f  each  t ime  step. 

May be e i t h e r   p r e d i c t o r   o r   c o r r e c t o r   v a l u e .  

Merid 

(Used 

Merid 

(Used 

Merid i 

o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K=KS+2. 

when I BLEQ=1 . ) 
o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K=KS+l. 

when I BLEQ=1 . ) 
o n a l   v e l o c i t y   a t   v i r t u a l   p o i n t  K=KS+3 

(Used when I BLEQ=l. ) 

S 1  ips t ream  normal   ve loc i ty .  

R e l a t i v e   c i r c u m f e r e n t i a l   v e l o c i t y   a t   v i r t u a  

p o i n t  K=2. (Used when IBLEQ=l.) 

1 
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Name 

VMM 

- 

VMP 

v1 

v2 

v3 

X 

XMU 
Y L  

Y LX 

YSL 

YSLM 

YSU 

YSUM 

Dimension 

(7,9,19) 

(7,9,19) 

Common 

/UQ/ 

/UQ/ 

/P/ 

/Q15/ 

/ /  

/P1/ 

/UQ/ 

/UQ/ 

/Z/ 
/L/ 
/Q/ 

/VSAY / 

/UQ/ 

/VSAY/ 

/UQ/ 

Definition 

Relative  circumferential  velocity  at 

virtual  point  K=3.  (Used when IBLEQ=l.) 
Relative  Circumferential  velocity  at 

virtual  point  K=l.  (Used  when  IBLEQ=l.) 
Relative ci rcumferential  velocity  at  be- 
ginning of each  time  step. 

Relative  circumferential  velocity at 

leading edge "A" point of domain 5. (See 

Figure 9 b  of Reference 1 .) 

Relative  circumferential  velocity  at  end 

of each time step.  May  be  either  pre- 

dictor or corrector value. 
Relative  circumferential  velocity  at  virtual 

point  K=KS+2.  (Used  when  lBLEQ=l.) 
Relative  circumferential  velocity at 
virtual point  K=KS+1.  (Used  when IBLEQZl.) 
Relative  circumferential  velocity  at 

virtual  point  K=KS+3.  (Used  when  lBLEQ=l.) 
Transformed  meridional  coordinate. 

Dynamic  viscosity. 

Non-dimensional  coordinate of upper  surface 
of  lower  blade. 
Non-dimensional derivative of YL with respect 

to x. 
Non-dimensional  lower  blade  slipstream  loca- 
t ion. 
Non-dimensional  lower  blade  slipstream  loca- 

t ion. (Used  when l BLEQ=l . ) 
Non-dimensional  upper  blade  slipstream  loca- 
tion. 

Non-dimensional  upper  blade  slipstream  loca- 
t ion. (Used  when l BLEQ=l .) 



Name Dimens ion Common 

YSXLM (3,9,19) /UQ/ 

- 

YSXUM (3,9,19) /UQ/ 

D e f i n i t i o n  

Non-dimensional  lower  blade  sl ipstream 

d e r i v a t i v e .  (Used when lBLEQ=l.) 

Non-dimensional  upper  blade  sl ipstream 

d e r i v a t i v e .  (Used when lBLEQ=l.) 

Non-dimensional  coordinate o f  lower  sur- 

f a c e   o f  upper  blade. 

Non-dimensional   der ivat ive o f  YU w i t h   r e -  

spect t o  X .  

Machine  Control  Considerations 

The computer  program i s   w r i t t e n   i n  FBRTRAN I V  f o r   t h e  CDC 7600 b u t  will a l s o  

run on the CDC 6600  and comparable IBM, UNIVAC and  Honeywell  machines w i th   m inor  

m o d i f i c a t i o n s .  

Machine  Requirements: 

(a)   Field  Length 

(I) Compile c\, 120,000 o c t a l   l o c a t i o n s .  

(2)  Load % 265,000 o c t a l   l o c a t i o n s  (Q 160,000 i n  SCM and lO5,OOO i n  LCM 

on  the CDC 7600). 

(b) CP Time - Variable,  depending  on domains  needed f o r  problem, mesh s i z e  

and number o f  t ime  steps  being  run.  (Approximately  2.23~10  sec  per 

mesh po in t   per   t ime  s tep  i f  IBLEQ=O, and 1 . 2 7 ~ 1 0 - ~  sec per mesh p o i n t  

per  t ime  step i f  lBLEQ=l a re   requ i red  on a CDC 7600.) 

-4 

( c )   D isk   o r  Tape Un i t s  

(1) TAPE5 = card   inpu t .  

(2)  TAPE6 = p r in ted   ou tpu t .  

(3) TAPE8 = conta 

r e s   t a r t .  

(4)  TAPE9 = con t a  

run ,   f o r   nex t  

i n s   f l o w   f i e l d   s o l u t i o n   t o  be read f o r   c u r r e n t  program 

i n s   f l o w   f i e l d   s o l u t i o n   t o  be w r i t t e n   o u t   a t  end o f  

r e s t a r t   r u n .  



(5)  TAPES 1, 2, 3 and 4 = sc ra tch   d i sk   s to rage  used d u r i n g   r u n   f o r  

unequal  blade  spacing  (i.e., when IBLEQ=l).  Also  used  as  input/ 

ou tpu t   med ia   f o r   res ta r t i ng   t he   p rog ram (when IBLEQ=l). 

(d)  Volume o f   P r in ted   Ou tpu t  - Variable  depending on l e n g t h   o f   r u n  and 

p r i n t   o p t i o n s   s p e c i f i e d .  

Abnormal Terminat ions 

Under ce r ta in   cond i t i ons   t he   p rog ram will wr i te   an   e r ro r   s ta temen t  and t e r -  

minate  execut ion.  These a r e   l i s t e d   b e l o w   a c c o r d i n g   t o   t h e   s u b r o u t i n e   i n   w h i c h  

they  occur: 

B2DATL 

' ' 1  NPUT DATA --- C 4  MUST BE GREATER  THAN OR EQUAL TO (CEl/(JS-2)) OR 

(CE2/(JS-2)) WITH C 4  = C E l  = 

CE2 = 

T h i s   e r r o r  message i s   s e l f   e x p l a n a t o r y  and i n d i c a t e s   t h a t  C 4  i s   t o o  

smal 1. 

II 

"BLADE HAS NEGATIVE TH I CKNESS" 

E r ro r   i n   t he   b lade   con tou r   da ta .   I npu t   da ta   f o r   t he   b lades ,  YU and 

YL, may have  been interchanged. 

"BLADE IS TOO THICK'' 

Erroneous  blade  data. Lower surface of upper  blade  overlaps  the  upper 

sur face of  lower  blade. 

"MARK = 3 OR 7 OR 11 OR 12 

SOMETH I NG I S WRONG \JI TH I NTERPOLAT I ON" 

(a) MARK = 3 
I n t e r p o l a t i o n   e r r o r   f o r   l o c a t i n g   v i r t u a l   p o i n t s   f o r  domain 3 
w i t h i n  domain 4 ( i f  domain 4 i s   a c t i v a t e d ) ,  i.e., i n   t h e   e v a l u a -  

t i o n   o f  JLE ( the J v a l u e   i n  domain 4 such t h a t  (3,JS+l,K) falls 
between (4,JLE,K) and  (b,JLE+l,K)).  This  error message i s  preceded 

by (1 )  above. 
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(b) MARK = 7 
I n t e r p o l a t i o n   e . r r o r   f o r   l o c a t i n g   v i r t u a l   p o i n t s   f o r  domain 5, 
w i t h i n  domain 4 ( i f  domain 4 i s   acc i va ted ) ,   i . e . ,   i n   t he   eva lua -  

t i o n   o f  JRE ( t h e  J v a l u e   i n  domain 4 such t h a t  (5,1,K) f a l l s  

between (4,JRE,K) and ( b , J R E + l , K ) ) .  T h i s   e r r o r  message i s  

preceded by ( 1 )  above. 

( c )  MARK = 1 1 

I n t e r p o l a t i o n   e r r o r   f o r  1 

w i t h i n  domain 1 ( i f  domai 

t i o n   o f  JOE ( t h e  J va lue 

between (1   , JBE,K)  and (1, 

(d)  MARK = 1 2  

I n t e r p o l a t i o n   e r r o r   f o r  

w i t h i n  domain 7 ( i f  doma 

o f  J ~ E  ( t h e  J v a l u e   i n  

o c a t i n g   v i r t u a l   p o i n t  s f o r  domain 2 

n i s   a c t i v a t e d ) ,   i . e . ,   i n   t h e   e v a l u a -  

i n  domain 1 such t h a t  (2 ,1 ,K)  f a l l s  

J O E + l , K ) ) .  Domain 1 could be too   sho r t .  

i n t s   f o r  domain 6 
i . e . ,   i n   t he   eva lua t i on  

(6,JS+l ,K) f a 1  1s be- 

tween (7 ,J7E,K)  and ( 7 , J 7 E + l , K ) ) .  Domain 7 could be too   shor t .  

o c a t i n g   v i r t u a l  PO 

n 7 i s   a c t i v a t e d ) ,  

domain 7 such t h a t  

Subrout ine VEB4 

( 1 )  "MARK = 1 

SOMETH I NG I S WRONG W I T H  I NTERPOLATI ON" 

I n t e r p o l a t i o n   e r r o r   f o r   l o c a t i n g  domain 4 outf low  boundary (4 ,JS,K)  

by in te rpo la t ion   f rom  se ts   o f   ad jacent   b lade  spac ing   da ta   in  domain 5 
i .e., ( 5 , 2 , K ) .  I f  the   s l ips t reams move beyond the  range  of  dat.a 

avai lable,   the  program will s top  and t h e  above message will be p r i n t e d .  

Also i f  t h e   r a t i o   o f  number o f   b l a d e s   i n   t h e  two respec t ive   b lade rows 

exceed 3/2 t h i s   c o n d i t i o n  will occur. 

Subrout ine VEBS 

( 1 )  "MARK = 2 

SOMETHING IS WRONG WITH INTERPOLATION" 

I n t e r p o l a t i o n   e r r o r   f o r   l o c a t i n g  domain 5 v i r t u a l   i n f l o w  boundary, 

( 5 , t , K )  by   in te rpo la t ion   f rom  th ree   se ts   o f   ad jacent   s l ips t ream  spac ing  

d a t a   i n  domain 4 between (4 ,JRE,K)  and (4 ,JRE+l ,K) .  I f  the   s l ips t ream 
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mesh p o i n t s ,  i f  poss 

(2) "MORE THAN 30 ITERAT 

- - II """"- 
Pressure ba 1 ance vs. 

moves beyond the   phys ica l   loca t ion   requ i red   by  domain 5 for i n t e r -  

polated  data  the  program will s top  and the  above message will be 

p r in ted .  I f  t h e   r a t i o  o f  the   two  respec t ive   b lade rows i s   l e s s   t h a n  

1 (;.e., number o f  b l a d e s   i n   f i r s t  row i s   g r e a t e r   t h a n   t h e  number of 

b lades   i n  second  row) t h i s   c o n d i t i o n  will occur. 

Subrout ine TRED 

(1) "MORE THAN 10 I T E R A T I  ONS ON DATA I N  TRED 

DETA,  DETA1,  DETA2,  DXSI,  DXSII,   DXS12,  DXSA,  DXSA1,  DXSA2 
I I  """-" 

I t e r a t i o n  limit f o r   o r i g i n  o f  stream  path and compa t ib i l i t y   cha rac te r -  

i s t i c   l o c a t i o n  has  been  exceeded. Mesh is   p robab ly   too   coarse ;  use  more 

i ble.  

IONS ON P H I   I T I M E ,   I D ,  ICT, P H I ,  1, 2 - DP, 1, 2 

f l o w   a n g l e   i t e r a t i o n  limit has been exceeded. T ry  

a change i n   b l a d e  shape a t   l e a d i n g  ( I L T  = 1 )  o r  t r a i l i n g  ( ILT  = 2)  

edge, or i n   t h e   v a l u e   o f  CBEFTH o r  CBEFTE. 

(3)  "LOCAL  MI  NlMUM I N  TRED  ITERATI ON" 

Pressure  ba lance  vs.   f low  angle  i terat ion has found a l o c a l  minimum 

and cannot  converge w i t h i n   t h e   a l l o w a b l e   t o l e r a n c e .  T r y  c o r r e c t i v e  

measures o f  ( 2 ) .  

Subrout ine SURF 

( 1 )  "MORE THAN 10 ITERATIONS ON DETA I N SURF,  ETC . I i  

See (1)  f o r   s u b r o u t i n e  TRED. 

Subrout ine S L I P  

(1) "MORE THAN 10 ITERATIONS ON DETA IN S L I P ,  ETC." 

See ( 1 )  for subrout ine TRED. 
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Subroutine ONESID 

(1 )  "MORE THAN 10 ITERATIONS ON DETA I N  ONES IC, ETC . I1  

See (1 )  for   subrout ine TRED. 

Subroutine WAKE 

( 1 )  "WAKE INTERPOLATION ERROR.  IDM2, ID,  !DQ, S S B ,  SL,  S R  = I I  
""" 

I n t e r p o l a t i o n  fo r  wake e v a l u a t i o n   f a i l e d .   D a t a   n o t   a v a i l a b l e  beyond 

the end o f   t h e   l a s t  domain. 



APPENDIX A 

SAMPLE  OUTPUT  FROM  PROGRAM  B2DATL 

The  following is a sampling of printed  output,  from  the  rotor tip 
section  of  the 1500 fps tip speed  transonic  fan  stage  discussed 
in the  results  sect ion of Volume 1 (Reference 1) . The rotor has 
been run to 100 time  steps. 

Four sections of  output  are  presented:  the full input data, the 
complete  section  of initial  data  and  constants  derived  from  the 
input data,  some intermediate  output  after 100 steps, and a portion 
of  the  domain output, after 100 steps.  Note that  the  full  domain 
output  includes  results  from  each  grid  column (J) of  each  solution 
domain ( I D ) .  This  single  blade  row  case  had  three  domains (2,3, and 6 )  
with  JS+1 = 19 grid columns in each. 
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c 

RG?OB TIP  (CE-1500) 

ISTAHT ITAPEO 
0 0 

IDELTA  IiBLAOE 
0 0 

I P X ?   I P P T  
1C 10  

I D A  
0 

JA 
0 

I D D  
0 

J D  
c 

IGCl   JC1  
2  2 

IDic  1 
2 

K U l  
U 

JS 
1R 

K5 
1 2  

ID? AHRAY 
0 1 

C E l  

O.lUlU00flE O C  
( PT ) 

CE2 
( P T  1 

3.141UGOOE O G  

* cu  

0 . 1 U l U O O O E  G O  
( F T  ) 

c so 
G . 1 4 1 U O O C E  00 

I PT 

IPOE I G H E  I a C E  I D I H  NONDILI IDEBUG ITBUG IYEY 
1 1 1 2 0 1 0 0  0 1 

LBLIDE IBLEC I P I  
0 0 2 2 0 

I K F  ICOR 

I P C T  IPHT I P J T  JPaT  
10  10  1 0 0  100  

K A  I c a  
@ 

J B  
0 

K B  
0 

I DC 
0 

JC 
0 

KC 
5 0 

I DC2 
6 

J C  2 
l e  

IDC3 
!I 

J C 3  
C 

I D C U  
0 

J C U  
0 

1dc5 
0 

JCS 
0 

1dc6 
0 

JC6 
0 

ID82 K R 2  ID33 
3 U 6 U 3 12 0 0 0 0 

K R ~  IDRU K R U  I D R S  K R S  1086 K R ~  

ISLLE ISLTE NOBL PICEL 
0 0 4u 4u 

1 0 9 1 0 

Y7XLZ(l)  rLxLE(1) YUXTF(1) YLYTE ( 1 )  
( R I L I b N S / F T )  (BAOIANS/FT) (RbGIAN.i /PT)  (fiADIANS/PT) 

0.11577BqE  01 0.159QU15E  01 0.1215133E 01 C.9065199E 00 

Y l J X L E  ( 2 )  L 'LXLE ( 2 )  Y U K E ( 2 )  
( E A C I A N S / f T )  (RADIANS/PT) (RADIANS/PT) (RADIANS/PT) 

ILXTE ( 2 )  

0.30GOGOr) 0.000t000 O.GG00000 O . O G O O O O O  

( PT 
CE7 

0.141UOOCE 00 

Ih'?IlT D A T A  POH SET 1 C P  1 S E T S  G P  B L A D E S  

USP!I(l)  HSPL(1) 
1 3   1 9  

S1'82A7SIIEET C G O a D I N d T B  - X ( FT ) (ZF.3U Y E F E R E N C E  AT LEADI'IG F D C L )  
O.OJO?000 G.7MG5999E-02 0.15203COE-01  0.29966032-$1 J.UU65UCCE-01 0.5923300E-01 0.70b7195E-01 O.BU361976-01 
0.9837t i99E-01  0 .11212~CE C C  0 .125b340F 0 0  @.1322800E 00  O.lU14GOOE 00 

BLADE COORDIkATES - Y (RACIACS) 
0.500000@ 
3.11633901 C C  0.1C30939E 00 0.158791CE 0 0  0 .16680008 00 0.17852508 00 

0 . 9 0 9 9 9 9 8 ~ - 0 2  o . ~ e n s u o o k - o ~  O . ~ G B I ~ O D E - O I  O . ~ ~ ~ ~ O O O E - O I  O . ~ U ~ X ~ ~ E - O I  o.t186269e~-o1 O . I O ~ , U O E  00 



STREAnS9EZT  COORtINATE - X ( FT ) (ZEHO BtPERZHCE AT L E R D I N t i  EOGB) 
C . 0 O C O O C O  0.5565997E-02  0.1234400E-01  0.25933COR-01  0.3959600E-01  0.5336800E-01  0.6379658E-01  0.778529bC-01 
0.9218997E-01  0.13679iOE C C  0.1216339E 00  0.12916UOE GO 0.1U14000E 00 

BLADE  COORDIBATES - Y (RADIAK) 
o.o3c')ooo 
0.128U920E 00 O.lU517CGE 00 0.16042498 00  0.1673999E CO 0.1785250E 00 

0,89139988-02  0.1900000~-01  0.3813700E-01 0.5712UOOE-01 0.7622194E-01  0.90629991-01  0.109938011 00 

HS ( 1 )  I;s ( 2 )  
2 5  2 5  

STREA3SHFET CCOBDINA'TE - I ( FT ) ( Z E R O  HEFERENCE AT 3 O ' i A I B  2, J = 2 )  
-0.15530'1GE 00 -0.lU130GOE 00 -C.98099Y5E-01 C . O O ~ l O J O @  

0.2U21CGGE O r )  O.282p500E 00 G.29700nOE 00 0.3803000Z 00 0.424200r)Z 00 
0.4H90r)OOE-Ol 

0.7986699E 00 0.79770991 00 0.8393AOOL 00 0.92270COE 00 0.108UU99B 01 
G.lU00000E 0 1  

S T H E A ~ S ' I F Z T  P A D I U S  - A H  ( p r  1 
J , I ~ ~ ~ ~ C O E  G I  n . 1 5 2 7 1 ~ 0 ~  G I  o . I ~ R ' ~ ~ E  0 1   0 . 1 5 2 6 6 0 0 ~  0 1  0 . 1 5 2 ~ ~ 9 9 ~  01 
O.lUO3SnC.E 01  0.1U90379E U1 0.1UH9599F. 01 O.lUB(rb99E 0 1  0.1a865OOE 0 1  
O.lUa6300E 0 1  O.lUR6100E 0 1  0.1UA63008 0 1  0.1Ul3~JOOE 0 1  O.l(lR6300E 01 
O . l b ~ b 3 0 0 E   0 1  

STPEA'ISdLET CCOBCINATE - X ( FI' ) ( Z E B O  H E F E R E B C E  AT D O M A I N  2, J = 2 )  
-0.ljCJ:COZ 70 -0.lUlUlOCE @ O  -0.9893995E-01 0.00tC000 0.4E90GOOE-01 

O . L J : ~ O ? O E  c g  0 . 2 t l ~ e ~ 0 0 ~  or, 0.2Y70000E 0 0  0 . 3 t 1 0 3 0 o o ~  00 0.42112000~ on  
O.74SbC95E G O  0.7977399E O C  0.8393800E 00  
9 , lu? :3c ' ) i   01  

STBEAnSHEZT TiiICKKESS - B E  ( PT ) 
0.514;600E-O2 0.5840303E-92 P.5d36997E-02 
~ .491699PE-O2 
0.@3U'J958E-O'2 
O.UYU4998B-CZ 

0.U719999E-02 
0.49U999RE-02 

(HhJIAhS/SEC) 
G I G  ( 1 )  

-0.97473738 133 

0 . 1 3 0 3 0 0 0 ~ - 0 4  
DANPC 

P P P  

0.2U35GuCE 0 0  
(LBF/(FT**2)) 

R 
CT*LEP/SLG/DECR 

0. l716COOE OU 

0.1CCOOOOE 0 1  
LIZ 

PC 
(LUP/ (FT0.2) ) 

G. lbR48OGE G O  

(RADiAUS/SIC) 
030 ( 2 )  

-0.Y7U737YE c3 

D A i j P C l  
o.1JoJocoB 0 1  

A P F  
(FTISEC) 

0.11651UGZ E U  

crnnr 

0.1U0000GE C 1  

O.2500000E 01 
C DT 

( D E O  R) 
TC 

6.U870COOE. G3 

(LBP/ (FT**2) ) 
P I  

O.lbHUR305 04 

DARPI 
O . ~ ~ O J O O ' I \ E  03 

sercn 

0.a93799-1~-01 
0 .  U928UJOR O C  
0.1179999E  01 

0.89379978-01 
0. U9284OJE 00  

0.1UlUCr)GE 00 0.19772991 00 
0.56702COE 00 0.6873000E 0 0  
0.1280000B P1 0.1380329E  01 

0.1519230E 01  0.1504299E  01 
0 .  lU863UOE 01 O.lU863C9E 01 
0.1486300R 0 1  0.1U86300E 0 1  

0.1UlUOOOE 00 0.19772998 00 
0.5670200E 00 0.h873COOB 00 

0.9227000E O G  0.10RUU99E 01   0 .11799991  01  0.12BOCOOE 01  0.1360329E  01 

0 . 5 8 3 3 9 ~ ~ - 0 2   0 . 5 8 2 4 9 9 3 ~ - 0 2  0.5749997B-02 0.55579f9Z-02 0.512Q997E-02 
O.UE7U9972-02 O.U9U999dE-D2 0.U9U9998B-32 0.U9U9993E-02 0.U9U9998E-02 
0.U9U999dE-02 0.Y9U9998E-02 0.49499986-02 O.YPU9998E-02 OeY9Y99989-02 

(DEG 8)  
TI UI VOUI DELSSS 

(PT/SEC) 
0.U87000OE 03 0.6170000E  03 0.0000000 0.0000000 

0.6000000E  03 
DA4PIl 

0.60000COE 0 6  0.375OOOCE-06 
(LRP*SEC/FT**2) 

xnu COZPTH COEPTE 

UC 
(PT/SEC) 

0.617GJQGH 0 3  C.0000000 

VOUC 

0.10000SGE 01 0.6666666B 00 

I 



IKITIALIZED I t i P U ?  DATA A 6 D  C E H E A L  CONS?.INTS 

JI A R R A Y  
3 3 2 3 

E51 ( R A E I h s S )  
0.14279368 G O  

C. O O C O O G O  
T I n E  

P I  (REF) 

0.16848OOE 14 
(LD?/ (PPl.2) ) 

ITInEr 

1 8   1 7  

0.142799SE  90 
E52 I P 4 D i A N S )  

(?T:/SEC) 
X i  (REk) 

0.1081651B 34 

- 100 

2 3 

l a  17 

3 

1 7  

T d  (REF) X H 1 1 6  ( R E F )  

0.68179988 0 3  0.2202473E 00 
(DEG fi) (LBF+SEC/Yl'*+2) 

r 4 ~ 5 E  01  C.13064E 0 1  
iU27E 171 0.13iCSE 0 1  
~ 5 5 4 5  01  0.1375HE 01 
~ ~ Y F E  3 1  G , I I ~ U : F :  0 1  
~ 3 2 : i :  01  iJ.13702E  01 
29'41F 01  G.136fl7E 0 1  
3229;: C1 0 .11t31E  01  
J J 7 2 F  01 0. 1 3 ~ 7 5 E   0 1  

2 ' 7 G . I Z  '31 0.1141ilE 0 1  
322H2 01  O.lL527E C l  

"1 
14 C.la?,lUE 0 1  5 . l f i 1 ? 9 f  0 1  0.11997E 01 [l.lfJ77?E 0 1  
1s C.2C21.75 C1 0.10705F 91  0.11495E d l  0.1011;3E 0 1  
l o  0.2C563I. G l  0.11373E Gl 0.1155UE 01 C.r2581E 00 
17  0.217CSE tJ l  0.11939F. 0 1  0 .1230lE 0 1  O.YOP85E 00 
18  0 .5250iE 5 1  0.12502E 0 1  0.131GlE 0 1  C.8991LE 00  
19 G.23175P 5 1  0.13175F 01 C.lG767E 9 1  0.1C767E 0 1  

. .  

D G ? A I I I  2 

J A H  B E  t a x  Y E X  

3 C.1079UE 0 2  9.U1267E-01  -0.39279E-01 0.163582-03 
4 0 .10791E  02  0.41217E-01  -G.469LRE-01 0,732858-04 

ir 0 . 1 0 7 9 6 ~   0 2  G . Q I ~ ~ ~ E - O I  - G . ~ ~ ~ C S L - ~ I  0 . 1 5 7 5 3 ~ - 0 3  



6 
5 

7 
8 

10 
9 

11 

13 
12 

14 
15 
16 
1 7  
18 

J 
1 

3 
2 

I( 

5 
6 
7 
8 
9 

1c 

l i  
11 

13 
14 
15 
16 
17  

1 9  
18 

9 
15 
11  
li 
13 
1 u  
15 

17  
16 

18 

0.10795E  02 
C.lS78bL  02 

G.lG781E 02 
G .  1C777E 0 2  
C.lC.77iE i 2  
0.10707E  02 

C.IG75tf 02 
C.lC7blF  02 

0.107538 O L  
0.157031  02  
G.  107358 S i  
0.10727E  02 
G.lO716E 0 2  
0.107G9E 02 

C.01276C-Gl -9.537732-01 -E?, l l J l i ; 2 - 0 3  
0.b1261E-01 -6.59633E-01 -@.39625i -03  
0 . ~ 1 ~ 2 5 F - Q l  -0.6U7?9E-O1 -0.77557E-33 
C.Cl132E-bl -9 .69111i-51 -0 . iL326E- i j2  
G.LlC72E-Gl -6.7UU2S:-@1 -3.1633::-3; 
0 .409i?E-01 -C.ECQ5SF-01 -?.197!?E-02 

!7.4C(.JiE-C1 -G.G77,j4E-,Il - ? . : i + ; l j Z - C 2  
O.UCE?7E-O1 -C.L5710~-91  -5.LLL!5L-C2 

O.UC5ZbE-Cl -G.l073ZF. $ 3  -0.lbU73E-G2 
G.UC353E-01 -0.11663E 00 -G.29507E-G2 
O.bCl5UE-Cl -0.12555E 00 -0.3UU32E-02 

0.396UJE-01 -0.14275E 00 -0.U6753E-02 
0.35919E-01 -0.13435E 00 -0.40eC7E-02 

0.39307F.-01 -0.150B5E 00 -0.5dl'J"E-GZ 

0.1c.71tre 0 2  
i A  

0.107C9E 3 2  
C.107GCi 5 2  
C .  10hH9C G2 
0.1Cb79E  02 
C.19667: C2 
0 .1705bE C i  
G.lCFU3E 02 
O.lC63GE 0 2  
0.13617E  02 
0.10CCUI? 5 2  
0.105928  02 
0.lOSHlE  02 
0.10572E  02 
O.lrJ56UE 0 2  
C. 10557E 5 2  

0.105U5E 0 2  
0.10551E 0 2  

0.1053RE 0 2  

DCfiAIN 

C.19545E 0i 
A R  

0.1?539E C2 
0.1'3532F. 0 2  

0.195242  02 
C.15521E 9 2  
0.1b5198  02 
0.13517E 0 2  
G.lC51b'E. 02  
0.15515E  32 
0.13515; 0 2  
C.1351bE G 2  
0.1051bE  02 
0.10513E  02 
0.10513E 0 2  
0.1G513E 0 2  
0.10513E 02 

0. I C ~ E  0 2  

B E  B P X  
0.39hU0E-01 -0.lC275E GO -G.UR153E-02 
0.39307E-C1 -0.15685E 00 -0.5PlURE-02 
3.3eQlUE-Cl -0.lCQPI;E 00 -0.6726bE-C2 
0.3bUlCE-01 -5.16739B 00 -n.lUb132-02 

I l e x  

3 . 3 7 9 d b ~ - c 1  -0.175c:E G C  - s . i 3 5 : ? ~ - 0 ;  
3 . 3 7 ~ 4 ~ ~ 0 1  - 0 . 1 ~ ~ 3 ~  00 - 0 . a ~ b b t i 2 - 0 2  
3.364i9E-01 -0.192778 00 -'3.8375?E-C2 
0.36U37r..01 -0.2C1'19E C O  -0.82E47E-02 
0.35927E-Cl - 0 . i J 9 2 C 2  0C -C.HOOlYE-02 
0.35UUGE-01 -0.2C977E 00 -0.755'3E-02 

0.3U57UE-01 -0.1079flL 3C -0.61925E-32 
0.3U936E-01 -C.2S257E Or -0.b95CiE-02 

0.3U215E-nl -0.16566B 9C -0 .52721t-02 
0.3391HF-01 -0.137932 G O  -0.Ui212E-02 
0.336Y7F-01 - 0 . l l b r 2 E  00 -0.31YzOE-02 
0.33519E-01 -0.10191E 00 -0.22072E-02 
0.33U10E-01 -0.9739UE-01 -0.126708-02 
0.33359E-01 -0.998518-01 -0.37121E-03 
0.33360E-01 -0.se816E-01 0.363588-03 

6 

0.33359Z-01 -0.098512-@1 - 
0.3336GE-01 - 0 . 9 ~ 9 1 ~ ? - 0 1  
0.33391E-Cl -0.@4!?46€-01 
0.33UbuE-Gl -O.08L\8'IE-O1 
0 . 3 3 5 5 O F - 0 1  -0.53939E-01 
0.33GiSE-G1 -~ ) .u l55 IE-O1  
0.3377UE-;ll -0.3!?36E-01 
0.33975E-21 -0.22337E-01 
C.3U0UUE-Cl -0.15465E-01 

e: A P X  

3 . 3 ~ 1 3 7 ~ : n l  - O . I C J I ~ E - C I  
O.ju3j lE-01  -0.719HlE-02 
0.3U472E-21 -0.5P3322-02 

0.3U732E-01 -0.U9636E-02 
O.JU607E-01 -0.53571E-02 

9.3U936E-01 -0.373178-02 
0.3U843E-Gl -0.U3218E-02 

0.35007E-01 -0.30933E-02 

,0 .371215-03 
n e x  

0.363582-03 
0.83P05E-03 

0.1537UE-G2 
0.1L157E-02 

0.1RC31E-02 
G.20129E-02 
0 . ~ l f h 5 E - 3 2  
0.i25hZE-02 
3.23C5?E-C2 
0.229152-02 
0.22212E-02 
0.2091UE-02 
O.lB9822-02 
0.16416E-02 
0.132161-02 
0.93816E-03 



ITIIlE 
100 

ITIIIE 
100 

J 
2 

4 
3 

5 
6 
7 
8 
9 
10 

12 
1 1  

13 

15 
14 

16 
17 
18 

1.1776CE 00 1.099ufiE CO 1.17759E 00 1.09997B 00 1.177C9E 00 1.1ClU7E 00 
PHILE(1,l) PHITE(1,l) PHILE(1,2) PAITE(1.2) PHILE(1.3) PHITE(1.3) 

pBILp(1,1) P H I T P ( ~ , ~ )  PHILP(1.2) PHITP(le2) PHILp(1.3) PHITP(1*3) 
1.17760E C O  1.09946E 00 1.17759E 00 1.099978 00 1.17709E 00 1.10147E 30 

rsL(2.5.3) 
2.fi61HC2E-01 

3.OSo715E-01 
3.2ich03Z-Pl 
3.37?h52L-01 

3.949290E-01 

4.225675E-01 
4.36RU03E-01 
4.511131E-01 
4.653R6iE-01 
4. 796598E-01 
4.939355E-01 

u.oar161~-01 

rSXL(L,J,3) 
1.971933E 00 
1.62,3323E 00 
l.fil'J435E 00 
1.6197CtE 00 
l.Eli1121F: 03 
1.617'loUS iir 

1.617QfiiE 00 
1.6373178 00 

1.615892F: 73 
1.616757E 00 
1.616675F: 00 
1.61661UE 00 
1. 616562E 00 
1.616513E 00 
1.616468E 3 3  
1.616440E 00 
1.616408E 00 

V S A Y  (2.J) 
9.00G?03 
9.9113828-07 
1.C99410E-06 
l.OLB392E-06 
9.71259*E-q7 
d.59n32oF-07 
d.367729E-07 
8.632671E-07 
9.355032E-C7 
9.YOUGbLE-07 

9.944279E-07 

1.1282528-06 
1.0451586-06 

1.2567318-06 
1.278616E-06 
1.3068088-06 

g.ag166~r-07 

YSO(2.J.3) 

4.931278E-01 
0.7909hlE-01 

5.2124629-01 
5.071695E-01 

5.3535e02-01 
5.415?29?-01 

5.77H79,9E-01 
5.6167~1E-01 

6.063476E-01 

6.3bfl673E-01 
6.206539E-01 

6.491333E-01 
6.6339962-01 
6.7766688-01 
6.919352E-01 
7.0620682-01 

S . ~ ~ I O U ~ E - ~ I  

ISXU (2,5,3) 

1.620323E 00 
1.971133E C O  

1.6137062 00 
1.619435E 00 

1.6191212 C C  
1.617664F: 01) 
1.6173172 00 
1.617G62E 00 
1.6169922 00 
1.616757E 00 
1.6166752 00 
1.616610E 00 

1.616513E O C  
1.616562E P O  

1.6164682 00 
1.616440E 00' 
1.616408E 00 

VSXPP(2.J) 
o.co0ooo 
9.911R42?-07 
1.C~~9u10?-06 
1.P2'3922-Sb 
9.71259S%-C7 
P.51G32tP-07 
8.3677175-07 
8.63267lP-07 
9.355032E-CJ7 
9.33h0622-37 

9.9442793-07 

1.128252E-06 
l.OL5158E-06 

1.206731E-06 
1.278616E-06 
1.3068085-06 

9.aq9t6az-07 

PHIEX (1) PIIIEI (1) 
1.016778 GO 1.016771 00. 1.016771 00 1.016771 00 1.01677E 00 1.01677E 00 

PHIEX(2) PBIEY(2) PBIEX  (3)  PAIEI(3) 

ITIHE=  100 

P I( 
4 1.02414E 00 1.42UC6E 00 5.53351E-01 1.37570E 00 1.95101E 00 

6 1.023358 00 1.423288 00 5.53899E-01 1.37578E 00 1.75104E GO  
5 l.C23?9E CO 1.413AGE 00 5.535243-01  1.37576E 00 1.95107E 00 

7 1.C2297E GO 1.422798 O C  5.54242E-01 1.37574E GO  1.95092F: 00 
8 1.02272E GO  1.42265E 00 5.5U34OE-01 1.37565E G O  1.95079E 00 
9 1.023008 00 1.42293E 00 5.54146E-01 1.375598 CO 1.95073E 00 

10 1.02356E 00 1.02348E 00 5.53756E-01  1.375571 01) 1.95077E 00 

12 1.02Y141 00 1.42406E 00 5.53351E-01  1.375701 00 1.951016 00 

IDCl = 2 JC1 = 2 
A 0 V E 

1 1  1.02397~ 00 1.~2389~ 00 ~ . ~ ~ Q ~ I E - o ' I  1.375628 00 1.95089~ 00 

IOCl = 6 JC2 = 18 
P a n V E 

1.56749E 00 1.92999B 00 4.C9145E-01 9.09733E-01 1.b3073E 00 
1.G80G7F: 00 1.85215E G O  4.59147E-01 8.84163E-01 1.59764E 00 

1.55024E 00 .1.910098 00 4.93hbt3E-01 8.56277E-01 1.616C2E 00 
1.52209: G O  1.R8391E 00 u.7R76?L-01 8.51017E-01 q.59294E 00 

1.59712E 00 1.95447E 00 5.17096E-01 9.21751E-01 1.70441E 00 
1.57699E 00 1.937OOE 00 5.075829-01 8.78220E-01 1.652591 00 

1.591019 00 1.93729E 00 5.17080E-01 1.03387E 00 1.813513 00 
1.60145~ 00 1.958ag~ 00 5.18686z-01 9.72657~-01 1.75415~ 00  

1.567U9E 00 1.92999E 00 5.228198-01  1.09348I 00 1.867738 00 



ITIflE=  100 

J P n II V 
2 1 .3iGlbE 3 4  1.424GtB C O  5.53351:-01  1.3757G5 00 1.95101E 00 

4 l .rJUl'i2E C G  1.4416hE O C  5.40722E-F1 1.375GC.E 00 1 ,953005  00  
3 1.03C14E 00 l.4.3OH2Z 00  5.48575E-0i  1.375UhE 00 1.951838 00  

6 1.07G60E 00  1.9599UE 00 5.215t~OC-01  1.37U78E G O  1.95761E 00 
7 l . r b lQ7 lE  00 1.4737iE 03 5 . 1 5 1 1 6 ~ - 0 1  1.37UU5E 00 1.95952E  30 

7 1.CiS9CE G O  1.45YJGE C C  5.i3426E-01  1.375C6E CO 1.95159E 00 
Y 1.09G6U2 C C  1 .4794lE 00 5.15Y9,E-Cl  1.37527E 00  1.96155E 00 

IC  l.C5bJ4E O G  1.U5rm17E 03 5.36795:-01  1.373078 C O  1.95136E C O  

12 l.CU3U6E 00 1.443oiiE 00 5.48591E-01  1.367b9i: 00  1.953445 0s  
11  l.Gh.3932 C C  1.44332E LO 5.4525qZ-dl  1.363u6E O C  1.954HUE 00 

13  1.Clr679E G O  l.bUSd9Z ti0 5.U56923-01  1.36213E r.0 1.9UaQ3E G G  

1 5  1.0?G2'2Z 00  1.3Y9U7E 0 0  5.75953E-01  1.377518 G O  1 .966342 00 
14 1.C36COE O G  1.33639E 00  5.535PPZ-01  1.36879E 00 1.95661E 00 

16  9.53533E-01 1.15G"E 0 0  6.131i7E-01 1.39761E O G  1.99936E 00 
17  9.C27a6E-01 1.3615bE C O  6.1735?Z-01 1.372441 00  1.967'471: 0 0  
19   1 .051561 00 1.U5028E G O  5.5H36GE-01 1.344178 00 1.94087E 00  

IDHl = 2 KHl = 4 
E 

5 1.@5585E 3') l . b j53hZ  O C  5.31437E-01  1.374795 G O  1.9549UE 00 

J P P I1 V 

4 1.5554UE O@ 1.919558 O C  5.U55178-01  1.97571F 00 1.85262E 00  
3 1.556icE C C  1.92019: G O  5.C9L752-01  1.07711i G O  1.P5499E  00 

5 1.5h2iljZ 00 1.9261CE C C  5.38572E-Cl 1.Ch7116F: 00 1.843475 00 
6 1.55623E 00 1.920ioE C S  5.J4529Z-Cl  1.C5777E 00  l .@3190E G O  
7 1.535P?E 3C 1.921S2F 01: 5.3353CE-01  l.C5?5Z' G C  1.821761: 00 
d 1.529C;E 20 1 . 8 3 ; , 1 4   S . ~ ~ j , u c - O l  1.C4s'SLj~ G O  1 .$1955? C0 
4 1 . 5 ~ c l l E  io l . a O 5 j l t  O@ 5.3?b:bF-C1  1.93415E C O  1.79716E L O  

1C 1.53558: 0: 1.ai ld9F.  C P  5.2;05?2-01 l.G.!C,ilF G C  1.77b5YE  00 
11   1 .5Ui17t  O C  1.'91;76"F. 00 5.Jlfl3PZ-01 9.9772RE-01 1.74702E C O  
1 L  1.545UdE O C  1 . 4 1 ~ o C E  O C  4.C2958E-01 9.b9975E-01 1.710HG3 PO 

1 b  1.5Ub52E 00 1.91151E 0 0  4.463975-01 9.2C2R2E-01 1.648339 00 
13   1 .545305  O@ 1.9104UE C @  4.6519CE-01 9.41@6UE-C1 1.675721 00 

16  1.547462 00 1.912332 00 U.19665E-01 9.OAlC51-01 1.626178 00  
15   1 .54t46E C O  1.91146E CC 4.355C62-01 9.19379E-Cl 1.63234E 00 

1 7  1.552UGE 00 1.9167CE 00 4.12524E-01 9.09854E-Cl 1.62659E 00 
18 1.567491 00 1.929991 O G  4.091Q58-01 9.09733E-01 1.630731 00 

IDE3 = 6 KR3 = 4 

2 1 . 5 1 4 1 5 ~  G C  1 . ~ e 2 7 ~  c o  5 . ~ 3 2 9 3 5 - 0 1   l . n ~ l c c i :  c c  l . e 5 5 1 1 ~  00 
E 

1.0753UE 00 
P 

9.5429UE-01 
9.UC563E-01 
9.UC82uE-01 
9.43422E-01 
9.49642E-01 
9.63541E-01 
9.020i3E-01 
9.9C943:-01 
9.81803E-01 

9.05875F-01 
9.528259-01 

9.37R35E-01 
8.85077E-01 
9.345978-01 
1.51415E 00 

1 . o n 1 7 9 ~  c o  

IDA2 = 3 K R i  = 4 
R U V 1: 

1.4736GE 00 5.38396E-01 1.3UC:OE 00 1.93622E 30 
l . 40 l lYE 00  6.03337:-C1 1.34937E 00 1.94860C 00  

1.339709 00 6.4@177€-@1 1.3k956E 00 1.965C35 Oil 
1.35361E 00 1.37031E-01 1.357H6E 00 1.Y5Yb7E 30 

1.339861 00 6.49C99E-01 1.3604OE 00 1.96763E 00  
1.3C235E 00  6.496419-01 1.35937s 00 1.9h994E 00 
1.3U856E 00 6.50131E-01 1.35395E 00 1.Y6R74E 00 
1.36261; 00 6.49d3GE-01 1.3U632Z 00 1.966621: 30 

1.39324C 00 6.55757E-01 1.319281 00  1.9527dE 0 0  
1.38133E 00 6.45691E-01 1.334G5E 00 1 . Y b l C j Z  00 

1.38127Z 03 6.85572E-01 1.299013B Oil 1.9C4R5E 03 
1.352.38E C O  7.3709OE-01 1.27U715 00 1.9UZDlE 00 
1.34512E 00 7.72AlUE-C1 1.25677E 00 1.93933E O C  
1.33791E 00  8.08U39P-31 1.23937E 00 1.942871 00  
1.282708 00 8.78979E-01 1.22ti77E 00 1.95877E 00 
1.3338UE 00 8.81339E-01 1.19615E 00 1.9517UE 00 
1.fld279E 00 7.195288-01 9.09353E-C1 1.85611B 00 

P 
ID24 = 3 K R U  = l i  

Y R U E 
1.3773CE 00 1.75859E 00 6.60110E-01 1.12957E 00 1.8'15752 00 
1.37935E O C  1.7fiG79E 00 6.19341E-C1 1.14473E 00 1.675illE 00 
1.366CbE O C  1.76717E 0 0  6.C4610E-Cl 1.14b23E 00 1.87292E 00  
1.37401E 00 1.75622B C0 6.@65C3F-C1 l.lC929E 00 1.87050f. 00 
1.347U?E 00  1.7317dE C O  6 . 0 5 F ? i f - ? l  1.15556B O C  1.A7605E 00 
1.256075 00 1.64bFIsE 30 6.1553uF-:l 1.193Q9E CO 1.3890)E 00 
1.1F;A7E 00 1.c5C6U5 C.0 5.3345.:?-?1 1.2JG50T: 00 1.9Ct94E 00 

9.U27J28-01 1.731625 00  6.6?619E-il1 1.331031: 00 1.9475nE 00 
l.Oh3~11E 00 1.4.UZLZE 00 G.515!FL-C1 l . i 8 5 ? 5 Y  30 1.93C5bE 03 

9.31UlLZ-Cl 1.333265 00 6.55'7,?-01 1.329865 CC 1 ,937598 00  
1.144535 C O  1.5412u2 00 6.11babZ-01  1.223Y15 00 1.8817tlE 90 

1.70P83E G O  2.05242E 00 5.36050E-Cl 9.70RG5E-01 1.78910E 00 

1.54951E G O  1.91UllE OC 6.05503E-01  1.0U598E 00 1.846371 00 
l.lih444E 00 1.96092E OP 5.933431-01 1.099271 00 1.877341 00 
1.51415E G O  1.883012 00 5.55603E-01 1.11316E 00 1.88153E 00 

1 . 5 ~ 2 5 3 ~  CJ 1 .889~9 :  no 5 . 5 0 0 5 3 ~ - 3 1  1 . 0 ~ 5 ~ ~  00 1 . ~ 1 3 7 7 ~  00 

1.665638 00 2 . 0 1 5 3 ~ ~  G O  5 . 6 a m 3 - 3 1  9.85941~-01  l.tlG792E oa 



ITIRE = 130 TIRZ = 1.5GRUUE 0 0  I D  = 2 J = 2 X = O.COCF.0 (FEET) ncoT = 1-561638-63  (SLG/SEC) 

K X ( R A D I A t i S )  
U -4.SUO26E-01  1.02UlUE 53 1.U2436E 0'3 5.53351E-01  1.37570E G O  1.95101E 00  7.19171E-C1  2.67ClgE (10 1.U7777E 00  3.72S29E-09 

P n m  U V E T A I 5 

5 -*.2bl76E-Ol  1. ' ,23€9", C O  1.a23RGE 00 5.53529:-01  1.3757oE C O  1.951G7E 00  7.191'02-Gl  2.6701YE r.0 l.lr77F5E  00-5.55069L-97 

7 -3.90476E-21  1.C226iE.CO 1.CLZ73E CG 5.542U2E-Gl  1.7757CE 00 1.5909iE 00 7 .18?158-01   2 .b l~9dJE Cl! l.u7A49E 00 U.2395PE-07 
6 -4.C3j26E-C'l 1.L2335Z 2 0  l.Ui?Z;E Cir  5.53939!-:1 1 .375795 (;C 1.951CUF C O  7.199!3E-01 2.67OJSF: 00 1.1;7H21E 00  U.605622-07 

8 - 3 . 7 i 6 2 6 i - 0 1  1.T2272E C3 1.U2255: 3 3  5.5L?bC:-O1 1 .37565s  C C  1.95?73' 3 3  7 . 1 8 8 E 6 ~ - 0 1  2.669678 R O  l.GiP3YE  00-3.U6U52E-07 

1s -3.3i72bE-Dl 1.0235bF. 00 1.1123LaE 0 3  5.S375bE-ti1 1 . 3 i j 5 7 E  OP 1.95077E  03 7.190542-C1 ?.ob9638 O G  1.h7792B  GO-l.C3583E-07 
9 - 3 . i u 7 7 6 € - 0 1  1.C23;'L C'3 1.422932 i.1 5.541stE-Cm1  1.775592 O C  1.95:7?E C G  7 . lg3c2E-31 2.6t~67E .1C 1.47823E  00-2.533208-07 

12   -3 .0122bI-Cl   1 .52414P O c  1.42GC6E 03  5.53351E-01  1 .375709 00 1.95101E 00 7.191713-01  2.6701JE 00 1.477778.00  3.725292-09 
11  -3.17376E-C1  1.02357E 0 0  1.42385E 00 5.53471E-C1  1.37562E 00  1.95083P C O  7.191375-01  2.679OiE 0C. 1.47773: 00 3.9u661E-07 

K Y (P=FSXT) 
4 - f , .  7 7 ~ \ 1 ; 9 ~ - 0 1  
5 -€.'.)599E-01 
6 - 6 . 2 3 3 j i E - 0 1  

a -5.1?055E-01 
7 -5.4513C5-01 

10 - 5 .  14351E-C1 
9 -5.b16$1E-G1 

11  -4.871:1E-51 
12  -U.59E512-C1 

P(LiF/F**2)  P(SLC/F**3) U (F/SEC) V (F/SEC) C (F/SEC) ZETA ( D E G )  
1.725C7E  03 2.C5073E-53 5 . 9 9 5 3 i t   0 2  1.U8932E 03 1.60390E  03 6.6C8632  31 
1.7250UE C3 2.25533E-33 5.9H72CE 0 2  1.08HlCE C3 1.6GU32E 03  6 . f i C A ? l E  0 1  
1.72;115E G3 2. t4Y57E-33 5 . 9 3 1 2 5 E  02 l . r d t J l l ?   0 3  1.6CU19F: 0 3  b.irOiQ9E C1 
1.72332E C3 Z.Jhkh72-C3 5 . 9 Y U Y 6 E  0 2  1.483C6: 0 3  l.OO4292 03 6.8?569E 0 1  
1.723C32  03 2.34fih79-C3 5 .996026  02  1.087949 03 1.6942C2  03 6.80522E G l  
1.723552 C3 2.GU9G71-53 5.993Y3E  02 1.U8791E 0 3  1.bC,GlO2 03 6.6>5523 G l  

1.72518E 03 2.05095E-03 5.9P662E 02  1.48794E 0 3  1.6038GE 03  6.8Cd29E  01 
1.724u9E 03   2 .C4907i -03  5.9697CE 0 2  1.U8789E C3 1.60392E 03  6 .80723E  01 

1.725U7E 0 3  2.05C73E-C3 5.98532E 0 2  l.GEa02E 03  1.60369E 33  6.eOdd3E 0 1  

T (DEC - R )  PT(LBF/P++2) STREAN PNCT 

u . Q r 2 S S E  0 2  2.121.34E 03  U.l4U61E-'Ol 
L.O?223F C 2  2.12C88E 0 3  5.39U49E-01 
G.5C~155E 02  2.120u6E 03  6 .64471E-01 
b.90136? C2 2.12032E 03  7 .895172-01 

U.95251E 02  2.12106E 03  1 .03957E 00 
k.9017JE 02  2.12C57E 03 9.1k5573-01 

0.933C7E 02  2.121C22 0 3  1.16U55E 00 
4.55335E 02  2.1215HE 0-1 1.?89501 00 

4 . 9 2 3 3 7 2   0 2   2 . 1 2 1 5 e ~  03 2 . ~ 5 0 2 ~ - 0 1  

IT'IZE = 1<,3 TTXE = 1.9FHUUE 0 0  I C  = 2 J = 3 X = 8.937508-03  (F?ET) RDOT = 1.55604E-03 (SLC/SEC) 

K I ( ? A D I I ! ; : . )  
U -* .3Li l?L-G1 

6 -3.354 l o t -G  I 
5 - b . l U i ! J C E - u l  

7 -3 .7355fE-01  

9 -3.U2651Z-01 
H -3 .607116-01  

10   -3 .25 t l lE -G1  
11 -3 .071hlE-01  
12  - .? .8?311i-G1 

i: Y (F=FTET) 
II -6.595:UE-Gl 
5 -6.322rjOE-01 
6 - 6 . C 5 i  16E-01 
7 -5.77792;-01 
8 -5 .59548F-01 

1G -U.9tIC59F-C1 
9 -5 .23353t -01  

11  -C.hSil5E-O1 
12 -4 .  41571H-C1 

P 
l.C3;1543 
1 . 3 3 1 i a E  

1.C2C5eS 
l.i??i:UE 

1.32823: 
1.02h51E 

1.Sib'iUE 
1.0..595& 
1.P359hL 

G O  
9; 
00 
00  
00 
00 
co 
J i, 
PO 

F ( L P F / ~ * * ~ )  
1.73k.938 0 4  
1.7375Pi; ( 3  
1.73h5uZ  03 
1.73U63E G 3  
1.73283E C3 
1.73236F G 3  

1.73526: 0 3  
1.7333Ai: 0 3  

1.73693E 0 3  

1.;13092B 60 
l . U j l l f t 5  C O  
1 . 0 j C 6 1 E  00 
1.429U53 0 0  
1.4283.Ji: 00 

1.U2H73E 00 
1.42R125 00 

1.42"?35  00 
l.UjCd2S 00 

i: I !  0 

F (5LlyF'*3) 
? . G C . O ! i U i - O l  
i . O ~ \ r 3 2 E - 0 3  
2 .36QluS-03  
2.05PU7F-03 
2 . r 5 ~ 9 3 ~ - 0 3  
2.05b5UF-03 

2.059C22-03 
2.0573YE-C3 

2.06d11UH-03 

U 
5.4d575E-31 
5.UH337E-Pl 
5.4R722E-01 
5.U15U5E-01 
5.5029f~E-31 
5.50467E-01 
5.50C,d5E-01 
5.49Lf2?E-01 
5.9d575E-01 

V 
1.375U6E O C  
1 .37562E O L  

1.375LOE 00 
1.37571E C C  

1 .375328 O C  
1.375U9E O C  

1.37511E 30 
1.37529E O C  
1.37546E O C  

U (F/SEC) V ( F / 5 2 C )  
5.33367E 0 2  1.4.3777E C3 
5.5310YE  02 1 .497345  03  
5.93526E  02 l.UdHCUE 0 3  
5.9UUlSE 0 2  1.49799E 0 3  
5.95227E  02 1.4878OE  03 
5.95L3UE 02  1.997618 03 

5.Y4111E 02 1.U8-752E 0 3  
5.9U055E 0 2  1.Uu75GE 0 3  

5.933671 02  1.49771E G3 

1.9'193E 0 3  
1.35209E 00  

1.95197E 00  
1.35215: 00  

1.55163': 0 0  
1.Y5135E 30 
1.55123E or) 

1.5S183E 00  
1.9514JF: 30 

E f 
7.23524E-01 2.67235E O C  
7.205912-01 2.612b32 C O  
7.20UE5Z-01 2.67265: O C  
7 .25i532-01  2.67223E 00  
7.290U9Z-01 2 .6 i16dE C G  
7.199f.32-31 2.6713UE C C  
7 .201232-01 2.b7141E C G  
7.2P33C9-31 2.h7192E C G  
7.2G524E-61 2.67L35E f @  

i l  t! 
1.47430E CO-1.541902-05 
1 .97439t  00-1.663342-05 
1.U7U72E 00-1.14434E-05 
1.U7521E 00-2.60025E-06 
l.lr7555E G O  6.69062E-06 

l . l i75122 00 2.18302E-05 
1.47U69E 00-8.48621E-06 
1.47ULOE 00-1.5U190E-05 

5 

1 . 4 7 5 5 2 ~   0 0 - 2 . 3 5 ~ 3 e ~ - o 6  

0 (F/SEC) BETA ( D E G )  T (35G - P )  PT(LBF/P**2) STREA8 PNCT 
1.601738 0 3  b.8256UE 0 1  4.51253P. 02 2.12752F  03  2.7i737E-Gl 
1.6CldOE  03 6 . 8 2 6 7 2 s  0 1  U.91291)E 02  2.12782E 03 3.97639E-01 
1.6C2CUP 0 3  6.82547E 0 1  U.Yl225I C2 2.12734: 03 5.225UBE-01 

1.6C2u5E 03  6 .81950E 0 1  U.9GY2YE C2 2.12539E C3 7.72574E-01 
1.60232E 03  6.822U4E 01  U.910712 02  2.12633E 03  6.47521E-01 

1.60236E 03   b .R l857E  0 1  B.90PE3P C2 2.12515E 03 6.976776-01 
1.6C207E 02 6.82OOOE 0 1  U.90974E 02  2.125658 i )3  1.02276E O i l  

1.6C173E C 3  6.82564E 01  4 .91253E 02  2.127522 03  1.272748 00 
1.60183E  03  6.62292s 0 1  4 . 9 1 1 2 1 ~  C2 2.126b4E 0 3  l.lU77YE 00 

J T I f l E  = 100  TIflE = 1.9OtiUUE 30 ID = 2 J = 4 X = 1.7675GE-02  (FZET) RDOT = 1.5U696F-03 (SLG/SEC) 

4 -2 .23115E-01 

i, -3.*4u j > E - C l  
5 -u .02? t5E-31  

7 -3 .6 ihb5Z-Ul  
Y -i.U9795E-21 

1 C  -3.13G95E-Gl 
5 -3.309U58-01 

11  -2.45iU5E-01 
12  -2.773958-01 

r. Y ( R A L J I A S S )  ? a lip 
1.3U192E n0  1.44lbOE 00 5.4CY2iE-01 
l..>U217Z C G  1.44190E 5 0  5.UG7?7E-01 
1 . 5 ~ 1 C 5 2  33 1.4GC73E 00 5.UlGi5E-01 
l . " j O l i C  G ( i  1.4.4QG3Z C O  5.43G03F-01 
1.037545 OG 1.437321: G O  5.4U076E-01 

l.^J3ri(,lE CrJ 1.4383YE Ci! 5.U3265E-Gl 
1.037332 C O  1.u3712E 00 5.4U20Gt-01 

1.5*SSCE C O  l.UL125E GCI 5.UlYlOE-01 

U 

1.04152E G O  1.441661 00 5.4092iE-01 

1.375r)OE 00 
1.375C5E C C  
1.3756Ur O C  
1.375U7E O C  

1.37460E 00 
1 . 3 7 i 3 J E  C C  

1.374k3E 00 

1.375GGE 00 
1.374576 00  

V E - 
1.95300F 00 7.22725E-01 
1.95367: O G  7 .227732-01 
1.953858 C O  7 .2255tE-01 
1.553392 G O  7.22172E-01 
1.952582 OG 7,218528-01  

1.9Slt34E O C  7 ,226635-01 

1.953001 00 1.227258-01 
1.95224E D O  7.124402-51 

1 . 9 5 1 9 6 ~  $ 3  ~ . ~ I H I ~ E - O I  

P 
2.67572R C C  
2.676U5E CO 
2.676436 GG 
2.675565 00 
2.67443E C O  
2 .673783 00 

2.67U67E C O  
2.67390E 00 

2.675728 00 

r: 5 
1.G699iE 00 1.5d68UE-05 
l .kb92UE 00 1.71997E-05 
1.469YUE 00 2.36519E-05 
1.47067B 00  2.186378-05 
1.h7599E 00 1.19656E-05 
1.47Cb6E 00 1.9975OE-05 
1.U6992E 00 6.86992E-Ob 
1 .469isE 30 1,160068-35 
1.U6892E 00 1.56884B-05 



ITIHE = 

X I ( 5 h C I A t i S )  

5 -2.47U43E-Cl 
U -Z.E5293E-@l 

5 -2.i9593E-01 
7  -2.117U3E-01 
8 -1.93633E-G1 
9  -1.76OU3E-Cl 

16  -1.53193:-01 
11  -1.433432-01 
12  -1.22u93E-01 

K Y (F=FEET) 
4 -4.G237lAE-01 
5 -3.75C21L-31 

7  -3.20915E-01 
6 -3.U7968E-51 

8 -2.938615-01 
9  -2.C68CbE-01 

11 -2. 12702E-01 
10  -2.39755E-C1 

12  -1.856'492-01 

100 TIHE 

P 
9.627861-01 
1.320ClE 00 
1.G531U3 00 
1.05353E 00 
1.019938 00 
9.908'441-01 
9.524968-01 
5.lC52GE-Cl 
9 . 6 2 7 e 6 ~ - 0 1  

1 . 6 i i l n z   c 3  
F(LbF/f**2)  

1.71551:  33 
1.77433E  03 
1.774591  03 
1.71tl202  03 
1.66337'2 0 3  
1.GCu77E 05 
1.53UlUE'G3 
1.62210E 0 3  

= 1.98tlUUZ 0 0  I D  = 2 

1.3C155F GJ 
1.42CG32 G O  
1 .~536 ;E  00 
1.453362 00 
1.4189lE C O  
1.39023E 00 
1.352315 00 
1.30785E 0 3  
1.36156F:  00 

P ( S L C / F ' + 3 )  
l.P6"71E-Cj 
2.2Lbt6E-C,? 
I.CY37UZ-03 

2.04323?-C3 
2.092k6Z-03 

'1.9U7395-03 
2.J@?G72-C3 

1.8P336E-03 
1.96071E-C3 

F FO U 
6.17?5?E-C1 
5.SCCSC:-:l 
5.5e752E-01 
5.5354Ci-31 
5.72913E-01 
5.9132UE-01 
6.11675F-01 
6.31U37E-01 
6 . 1 7 3 5 3 ~ 0 1  

U (F/SEC) 
6.6776CE  02 
b.27Ul:E C? 
b.G*375E 02 
5 .991691   c2  
6.19b91E  32 
6.39bObE 0 2  
6.61619E  02 
6.8299UE 0 2  
6.67760E  02 

J =  17  X 

V 
1.372GU5 C O  

1.339C3E i.0 
1.352393 li 

1.?22523 C C  
1.355Uo1 00 
1.3b810E O G  
1.38158; 0 0  

1.372UUE O C  
1.39dUCE 3C 

V (F/SEC) 
1.G3u5C3 03 
l.UAl35Z 0 3  

1.U503GE 0 3  
l.UUS7.j: 03 

1.465133 0 3  
1.479803  03 
1.U9433i: 0 3  
1.512581  03 
l.UBU50E 0 3  

= 1.32562E-G1  (FEE?) 

1.3b7U7E C.0 7.C7:l;I-Cl 
E T 

1.93i72E P C  7.2:5i5?-01 
7.9U31;'Z t.0 7 . 1 . ~ ? 1 7 ~ - 0 1  

1.33I25E t C  7.2c3a5E-31 
1.34531E C ;  7.1173?E-01 
1.95Q721 C C  7.126995-01 
1.969651 C O  7.043'43:-01 
1.985CCE ? ?  6.i45233f-01 
1.967'47E ir0 7.C711ti2-01 

Q (F /SFC)  3fTA (9Ei;) 

1.53P?OF_ C3 6.67636: 21 

1 .561191  03  6.755274 G l  
1.5t9YGE C3 6.73562E  01 

1.591715 03 6.7CY76Z 01 
1.61211E 03   6 .602482  51  
1.63U30E G3 6 .611935  51  
1.65763E 03 6.5692YE G l  
1.627772 G 3  6.57806E  01 

1 . 6 2 ? 7 7 ~  03 6 . 5 7 ~ 6 ~  0 1  

ROOT = 1.55103E-03 (SLG/SEC) 

F 
1.5725SE C3 1.948398-93 

l.uU123F CC-5.23267:-04 
1.4Ghl25 30-k.65C655-05 

1.43'343E C.0 7.1?2U?S-U5 
1.h5760E G O  6.46259:-04 
1.d9209E 00 5.U38Y5E-OU 
1.5.2156E CC-1.491615-09 
1 .55u l lE  O@ 1.6d395E-03 
1.512501 00 l.OUA391-03 

S 

T ( D f G  - ?) P'T(LEf/F**2) SiFEA!! FRCT 
4.52111Z 02  2.103illE  03 l.lS7C3E-02 
k .8 j75JP C 2  i . l 5 o i % E  6 3  1.37737E-01 

4.qU335E 02  i .18572E 03 3.85323E-01 
U.939672 0 2  2.11179SE 0 3  2.6224%;-01 

U.9C0351 G2 i.14373E 03  5.03U57E-01 
C.BSSlC3 C2 2.116CCE 03 6.323995-01 
U.6::2uE 05  2.07335E C 3  7.56U28S-01 
U.746963 C2 2.J2162E 0 3  8.842393-01 
U.PZ313E G 2  2.103ClE t 3  1.G11073 00 

K I (RADIASS) 
4 -2.53377E-01 
5 -2.35527E-31 
6 -2.17577E-01 
7 - 1 . 5 9 ~ 2 7 ~ - 3 1  
R -1 .9147dt -J1  

1 C  -1.4627Y E-01 
9 -7.h4128E-01 

12  -1.13578E-31 
11  -1.2Y428E-01 

K Y ( F - F E E T )  

5 -3.56657E-01 
U -3.816Y7E-01 

b -3.29627Z-31 
7 -3.525972-01 
8 -2.75567E-01 

1C -2.21537E-01 
9  -2.48537E-01 

11 -1.94477E-01 
12  -1.67447E-01 

1.351568 0 3  
1.96blhU 00 
l.'U31199S 30 
9.Y51903-01 
5.483953-01 
9.33756B-01 
9.30937E-01 
9.65731B-01 
1.05156E 03 

P PI10 
1.U532HF: G O  5.583bC2-01 

7.435012 00  5.662775-91 
1.G6'432E 00 5.52C3CE-Cl 

1.1'IIILlE 00 5.919'47E-01 

1.33345E 00 6.29L5GS-01 
1.3UR37E G O  6.23fi738-01 

1,29871E 00 6.4701t'E-Ol 
1.3663CP 00 6.329H6E-01 

11 

l .u jC28z C O  5 . 5 e 3 6 i i - 0 1  

P ( L L F / F * + 2 )  R(SLC/F**3) 
1.77166B  03 2.08847B-03 
1.79727E 3 3  2.10869E-03 
1.75218E  03 2.07073E-03 
1.67670s 0 3  2.G0772?-03 
1.598@7E 03 1.94173E-03 
1.97319E  03 1.92021E-03 
1.51790E 03 1.87020E-03 
1.627C6E 03 1.96753E-03 
1.771661  03 2.08847E-03 

U (P/SECI 
6.03950: C2 

6.1251UE C2 
5.97103E  02 

6.40334E  02 
6.74596E  02 
6.808U5E 02 

6.84672E  02 
6 .999021  02  

6.03950E  02 

V 
1.1UU17E O C  
1.33673E 011 
1.34581E 00  
1.362832 O C  

1 .387033 05 
1.39922E 00 
1.36846B 00  
1.30U17E O C  

V (F/SEC! 
1.U5392E 03 
l.UU594E G3 
1.U55705  03 
1.47U17E 03  
1.1919UE 03 
1.500 28E 0 3  

1.460201 0 3  
1.51347B  03 

1.45392E 0 3  

1.379322 O G  

1 . 9 ~ 3 a 7 ~  00 
E 

1.Y3603F O C  
1.9W83E 00 
1.9571RE O C  
1.97010: 00 
1.97353z 3c 
1.991463  05 
1.972651 0 0  
1.9U087E 00 

T 
7.253703-31 
7.29G93'-91 
7.232143-01 
7.ljdC2E-Gl 
7.03PlGF-01 
7.CC25RZ-01 
6.337162-91 

7.25070E-01 
7.06a:1:-01 

Q (P/SEC) BETA (DEG) 
1.57U372 03 6.7UU225 0 1  

1.57931E 03 6.71801E  31 
1.564395 03 6.755171  01 

1.667233 03 6.652125  01 

1.6U754E 03 6.55909E 01 
1.63737E 03 6.56694B  01 

1.667475 03 6.51818E 0 1  
1.63088E 03   6 .51769E  01  
1.57437E 03 6.744223  01 

H n S 
2.6~5911: 0 0  1.4UU66E 00 8.70243E-OU 
2.66u531 CO 1.U3211E 00 1.73157:-03 
2.66611E 00 1.U5106E C O  1.7055UE-03 

2.67YOC5 2 5  1.5?45?E 00  2.5'43935-04 
2.b7119E OiJ  l .Udb4lE 00 9.795052-OU 

2.67?95;1 C5 1.53835B 00-3.526d 1!?-04 
2.6P51YE E O  1.5f.li28E 00 8.17537E-04 
2.673178 00  1.51571E 00-7.61CdUZ-04 
2 . 6 6 5 9 U E  G O  1.4UU66E OD 8.702U3E-OU 

T (DEC - 5) PP(LBP/P**2)  STREM PNCT 
4.94352E C.2 2.1832qE C3 C.CCCO0 

4.93Ja7E  32  2.172862  03 2.4331UB-01 
0.965J9.F  02  2.203211 G3 1.21797E-01 

4.865798  02  2.12567E 0 3  3.673236-01 

4.77436E  02  2.06573E 03 6.19203E-01 

4.81910E 32 2.136831 03  6.739601-01 
4.72975E 02 2.029102 0 3  7.456202-01 

4.94352E 0 2  2.18329E 03  9.999991-01 

'4.79a571  02 2 . 0 ~ 6 3 2 ~  03 u .92736~-01  



K Y (RALIAVS) 
U -2.t5293:-?1 
5 -2.L7U43E-31 
€ -2.29573E-01 
7 -2.   i17U3E-Cl 
8 -1.43893E-31 

10  -1.58193E-01 
3 -1.7ES43E-01 

11 -1.bC343E-Cl 
12  -1.22U93E-01 

K Y ( ? = F Z L T )  
u - I J . O ~ C ~ U E - O I  

C -3.U7958E-01 
5 -3 .759215-01 

7 -3.2?Y15Z-01 
A -2 .9?RhlE-01 
9 -2.600;8E-01 

11 -2.12732E-01 
10  -2.35755E-01 

12 -1. 85O;l92-01 

ITIN€ = 

I: 7 ( 3 A D I A Y S I  
IA -2.53377E-01 
5 - ~ . ? 5 5 2 7 i - 2 1  
6 - 2 . 1 7 ~ 7 7 5 - 0 1  
7 -1.9'j:!?7"31 
8 -1 .P1 '7tE-01 

1C -1.qi275E-01 
9 -1.6412kZ-Ll  

12  -1.  1)57.\E-01 
11 - 1.26423:-31 

3 Y ( P - F E F T )  
L -3 .?36c7z- .J ;  
5 -3 .5 iF571-Cl  
6 -!.i7<27:-31 
7 -3.CL527E-21 
9 -2.755:,75-11 

10  -2.21577E-G1 
9 - i . u . ? 5 3 7 z - c 1  

11 -1.94477E-31 
12  -1.67U47E-Cl 

9.627L6f-91 
1.020ClE 00 
1.G53lUE 00 
1.05353E 00 
l.ClYF3E G 3  
9.?39'142-31 
9.52U56E-Cl 
Y. 1UIC;E-Ol 
9.62766E-9i 

E (LPE/F**2) 
1.52213E 0 3  
1.71A51E 0 3  
1.77433E  03 
1.77439E 03 
1.71b205  03  
1.669375 3 3  

1.53LlUE 03 
1.654772  03 

1 .622103  c3  

e 

100 T I R E  = 

1.97534E 79 
1.36'.755 0 2  
l.W11')9E 03 
5.351932-Cl  
9 . rE3552-01 
9.33756E-C1 

5.65731E-C1 
1.37735E 00 

F ( L ? i / 5 * * 2 )  
l . S l 1 7 3 1  1 3  
1 .757i7Z 0 2  
1.75213:  03 
1.E767SB 0 3  
1 .592i7E  03  

1.517C3Z 0 3  

2.32047E 03 
1.627C6E 0 3  

e 

9 . 1 3 3 3 7 ~ 1  

1 .573138   03  

1.361562 C3 
1.42CGPZ C0 

1.453055 00  
1.453fOR 00  

1.30C23E i o  
1 . u l e J l s  00 

1.35231E C G  

1.36156Z ?G 

R HC 

1 . 3 u 7 a 5 ~  co 

II 

6.173538-01 
5.8205CE-31 

5.539UCE-01 
5.5t1752E-01 

5.72913E-01 
5.91324E-C.1 
6.11675E-01 
6.31U37E-Gl 
6.17353:-01 

V E 
1.3721189 O C  1.95737X 00  7.07119Z-31 
1.35099:: 03 l.YU39aZ 03 7.13317E-01 
1.33343E 0 3  1.93172? 00 7.245055-0;  
1.3UOBdE O G  l.Q3?26E 00 7.25:461-01 
1.355U65 35 1.9U5315 90 7.18736s-31 
1.36RlOE 00  1.95372: 00  7.126ABE-01 
1.3815R2 O C  1.96945E 3(! 7.?U3L?E-01 
1.39dbG9 09 1.9650UZ C9 6.962u.?5-31 
1.372442 00  1.9b747Z 90  7.07118E-,11 

T r! 
1.5125CE 00 1.298332-03 
l.Ud612Z 00-4.650652-05 
1.441035 00-9.232572-OU 
1. 43993E '2'3 7.192428-05 
1.467CC5 C9 6.462595-04 
1.4?209E O C  5.438559-OU 
1.521552 00-1.4915lI-09 

1 . 5 1 2 5 t  00  1.G4839E-03 
1.55UllE G O  1.6033-la-03 

S 

H(SLC/F**3) U (F/SEC) V (F /5EC)  G (F/SEC) BETA (3E3) ? I O f c  - 6 )  P 7 I L S P / P * * 2 )  S T R E A I  PKCT 
1.9OC719-23 6.677bOE 0 2  1.4fl4532 0 3  1.62777E 03 6.579GhE 0 1  4.E2113E I:2 i . lC .301J   03  1.10703E-02 
2.04UF!bE-C3 6.27412E  02 1.461395 03 1.590132  03 6 .676305   01  4.83739" 0 2  2.156035  03 1.37737E-01 
2.043242-33 h.043755  02 1.44d79.9  03 1.569395  03 6 .735621  01  4.Y395"c 02 2.1A794S 0 3  2.62244E-01 
2.092UGI-S3 5.991b9E .12 1.k503311 0 3  1.56319B  03 €.75527E 0 1  4 . 9 4 3 3 6 5  02 2.18072E  03 3.a51232-01 

2.022372-53 6.39606E 0 2  1 .473331 0 3  1.612112 0 3  6.65249E  01  4.85915!  02 2.1160UE 0 3  6.32R99E-01 

1.R93363-53 6.8299UE 0 2  1.51256Z 3 3  1.65963E  03 6 . 5 6 9 P 8 E  31 4.746952  02 2.021622 0 3  8.EU2392-01 
1.96C71E-03 6.677oC.E 0 2  l.JrjU50B 93 1.52777F:  53 6 .57~3562   01  4.E.21138 C.2 2.103211 03 1.011075 00 

2 . 0 4 3 2 7 ? - ~ 3  6 . 1 9 6 9 1 ~  02 1 . ~ 5 6 1 3 ~  0 3  1 . 5 5 1 7 1 ~   0 3  6.7oa76a  01 u . 9 0 0 3 5 ~   0 2  2 . 1 4 3 7 3 2   0 3   5 . 9 9 ~ 5 7 ~ - 0 1  

1.3473az-4:3 6 .516152  02  1.4911395 G3 1 . 0 3 ~ 3 0 ~  93 6.611932 01 4 .2 .222~5   02  2.07333E 0 3  7.534292-01 

: 1.399UUE 0 0  ID = 3 

U 
1.C736UC 00  5 .383362-01 
1.U6U325 .SO 5.52iJLE-01 
l.G3;(,1? C O  5 .65277E-01 
i .399212 33 5.?1547E-01 
1.3Ue375 0 0  6.23673E-C1 
1.33?1;5E C.0 6.2lCjCE-51 

1.3663GE 00 6.329kPE-01 
1.25971E 00 6.47C6eS-31 

1.758552 'YO 6.6315GE-01 

R l l O  

F (SiC./F**3) 
i . l . i2152-C3 
2. lS.=h'jZ-;3 
2.07977E-C3 
2.097725-;3 

1.?2C21E-C3 
1.3417iE-C3 

1.87C?G9-03 

2.53243E-03 
1.967539-03 

U (F/SEC) 
5.6235GE  62 
5.57  103E 2; 
6.1251UF C2 
6.U333UE 0 2  
6.74536E  02 
6.RC6u:F 02 
6.999C:E 6 2  
6 .8467iE  02  
7 .190 t2E   02  

[Tint = 100 T I M E  = 1.4~6UUE 3 0  I D  = 3 

K Y ( 3 A D I A S S )  ? 3 i i O  I I  

U -2.3G5Q6E-21 1.S2177E 09 1.UG119E 00 6.00337E-nl 
5 -2 .22r96E-01 5.67328Z-Pl 1.3bC192X PG 6.21193E-01 
5 -2.CLhJSE-Cl Y.35934E-Cl 1.3?5212 C O  €.4:36qE-O1 

8 -1 .h ja tUZ-Cl  5.1191EE-G1 1.309baE 00  6.527biF-01 
7 -1.E7275E-01 9.10356E-Gl 1.3C'ilYE 0 3  6.56G32F-01 

10  -1.35CU,~E-G1 5.57+C1?-01 1 . 3 5 P l j E  ' I C  b.33G39E-01 
0 -1.524jUE-21 9.27CtrE-01 1 .32bloZ 00 6.35065E-01 

11  -1 .17t33i-Gl  1.15ZC27 3C 1.5L3579 O C  5.937U3E-Cl 
12  -1.00222E-51 1.379351 00 1.740793 G O  6.18341E-31 

J = 2 X = 1.41400E-01 

1.34323B O C  
1.33b79E C O  
1,33551! 0 0  
1.3626SE G C  
1 .379325 00 
1.367S33' C C  

1.36946Z 00  
1.12957E 00 

V (F/SEC) 
1 .443632   03  
l.UU5CLi: G3 
1.4557C5  03 
1 . ~ 7 0 1 7 5   0 3  

l . S ? 0 i 8 5   0 3  
1 . 4 3 1 9 4 2   t 3  

1.513U7E 0 3  
1.48020E  03 
1.22181E  03 

V 

1.395iZE O G  

1.93622E 03 
1.936538 PO 
1.94289Z O G  
1.957395 03 

1.979512 00  
1.97313E G O  

1.97265E 90 
1.951U65 00 

1.86i75E 00  

E 

(FEET) llDOT = 1.593741-C3 (SLG/SEC) 

T ti ?I S 
7.297185-01 2.€5583E C'! 1.420qSE 30 9.695722-04 
7.26sQY2-31 2.60S53E C O  1.43211E 00 1.71157E-03 
7.232145-01 2.66611E C D  1.U51F62 0 0  1.7C5535-03 
7.13832E-J1 2.67113: C ;  1.466UlE 0 0  8.785652-OU 
7.G3C11,:5-01 2.67RO;F. C ?  1.52403E 60 2.5a493Z-OU 
7.?C259L-31 2.67155E 2 3  1.53!3353 00-3.526A12-04 

7.06321E-91 2.h7947E G O  1.51571E 00-7.61COq9-04 
6.93716E-$1 2.6P519L CO 1.5h42FIi: DC 9.17597E-CU 

7.831845-01 2.66594E G O  1.2U9uhE 00  8.69976E-04 

C (P/STC) BETA (DE?;) 
1.56223E C 3  6.611332  31  

1.57931: 03 6.71d31E  51 
1.56113FF f.3 6 . i 5 5 1 7 2   3 1  

1.6C7238  03 6 .652128  01  

1.5U754E 03 6.559595  01  
1.637372  03  E.56693E  01 

1.63089E  03  6 .517695  01 
1.66747E 0 3  6.518lEE  31  

1.U1516E 0 3  5.96566E 0 1  

T ( G E G  - R )  PT(L3P/P**2) STRTLAO PNCT 
U.57521E C Z  2.1936SE 03 9.05030 
4.9068JP 1;.2 2.2@321E  33 1.175315-01 
4.93Z37i  C.2 2 .17??62  03  2.357172-01 
4.F567PF 02  2.125672 C3 j .57093S-J l  

4.77436E C2 2.065738 C3 6.C2779E-01 
4.72975E C2 2.029.10E 03 7.26092E-01 
4.81915E C2 2 ,136833 0 3  8.5127dE-01 
5.33975F 02 3.13307E 03  1 .00000E 00 

4.79t57F C2 2 .086321 0 3  U.754232-01 

J = 3 X = 1.50237E-01  (FEET) F30T = 1.5307OE-53 (SLC/SEC) 

V 
1.349372 O C  1 .909631 O C  

1.36c15E 0C l . JF. lC55 00 
1.35dh7t: 0 0  1.951351 00 

1.37773B 0 0  1.973605 3 D  

E 

1.382701 03 1.9S3012 50 
1 . 3 8 5 ~ 5 ~  o c  I . ~ R C ~ U E  50 
1.373055 C C  1.974d')Z CJ 
1.272122 3C 1.921492 00 
l.lUU73E 00 1.875U12 00 

7.1UQ57C-71 
i . 3 5 h i t E - ? l  
7.CCS73E-31 
6.9546dE-31 
6 . i f l q C E - J l  
b.39679E-61 
7.253122-01 
7.463342-31 
7.933721-01 

T 
2.66355E 00 
2.659442 00 
2.66135Z ? 3  
2.665.17E 50 

2.btiG3Zt C O  
2.67619E 30 

2.65763i: GO 
2.6A22nE 6.0 

2.65e7dE C O  

H n 
l .U762?E C 3  5.9933EE-OU 

1.52314E C O  2.39015E-55 
l.Uq681E C5 2.796295-01 

1.546515 00 1.22905E-OU 
1.5b678E 00 9.360313-04 
1.52953F 00 1.0126JE-C3 
1.52155E OO-U.979739-3U 
1 .37i i&S 4 5  0.839545-03 
1.2Li36E G O  6.077292-04 

5 



4 -3.E235UZ-01 
K 1 (t‘=PEET) 

5 -3.3h013E-Gl 
6 -3.07672E-01 
7  -2.R3332E-Jl 

10  -2.G4309E-Cl 
9  -2.30650i-51 

11 -1.77969E-01 
12  -1.Sl628E-01 

e - i . 5 6 9 9 1 ~ - ~ 1  

F (LCZ/F**2) 
1.667EZE 0 3  

1.5767CE 0 3  
1.632128 0 3  

1.53UGO: 03 

1.36330E 0 3  
1.5360CS  03’ 

1.61387E 03 

2.32393E 0 3  
1.540921 03 

A(SLC/P**3) 
i.017771-03 
1.971308-03 
1.9227SE-03 
1.!395249-C3 
1.89629E-93 

1.955758-03 
1.30Y72E-03 

2.22280E-03 
2.535fiOE-03 

U (P/SEC) 
6.493541  02 
6.71913E  02 
6.92h55E  02 
7. C959hE  32 
7.06037E  02 
6.6o923E 02 
6.8U727Z 0 2  
6.41573E  02 
6.68828E  02 

V (F/SFCJ 
1.459552 03 

1.477705 0.3 
1.4902RP 0 3  

1.49HlUn 0 3  
1.495662  03 

1.37599E  53 
1.48516E  03 

l .uo52ez  c 3  

1.238208 03 

Q (F/SEC) 
1.597UUE 03 
l.GllY9E G3 

1.65060B 03 

1.6UR12E C3 
1.653871  03 

1.63541E 03 
1.51821E 0 3  
1.4072YE 03 

1 . 6 3 1 9 8 ~   0 3  

BETA (DEG) 

6.53558E  31 
6.6015b1 C1 

6.U538bZ 01 
6.4’3857E G l  

6.37290E  01 
6 .536771  01  

6.5032123 0 1  
6.524RlE  01 

6.16237E 0 1  

T (DEC - 8 )  PT(LBP/P**2) STREAX P’WCT 
$.871;56E 02 2.1531RE 03 0.03000 
4.827798  02 2. i2322E C 3  1.207958-31 
4.77663E  02 2.08818P G3 2.425782-01 
4.7416dZ C2 2.06372E 0 3  3.64968E-01 
4.7U655R 02 2.06070E  03 4.87357E-01 
4.770UlE C2 2.C6281Z 0 3  G.Cj557E-01 
4.PC881E 02 2.12090E 0 3  7.3C094E-01 

5.34103E  02  3.02700E 03  9.99999E-01 
s . 0 6 8 5 0 ~   0 2   2 . ~ 5 0 9 7 ~  03 e . 5 6 8 6 9 ~ - 3 1  

K 1 (RADIANS)  
P -2.26776E-01 
5 -2.09576E-01 
4  -1.92377E-01 
7  -1.75178E-01 

10  -1.2357YE-01 
9 -1.U0779E-01 

11 -d .91604f- j2  
11  -1.063R05-Cl 

X I (P=FEET) 
4 -3.427i7E-01 
5 -3 .  167708-01 
6 -2.Y977UE-01 
7 -2.64777E-01 
8 -2.3Y790E-01 

lt -1.66767E-C1 
9  -2.li79UE-C1 

11 -1.607PlE-01 
12 -1 .347sui -c1  

e - 1 . 5 7 3 7 ~ 3 ~ 0 1  

9,542942-01 
9.1(U355E-C1 
9.3503GE-01 
9.44l?922-01 
9.64276E-01 

l.Od1GeZ 00 
1.i6YG62 00  
1.3eSG6E 00 

P(LB?/P+*2) 
1.6077YE 03 
1.59112E 0 3  
1.5EZC2E 73 

1.62U4lE 03 
1.659368  03 

2.13012E 0 3  
1.821UlE 0 3  

2.335249 03 

P 

9.eu341Z-01 

1.591958  03 

R 110 
1.35361E O G  
1. ?U367E 00 
1.3 j83UE 00 
1.3UL4lE 90  
1.383358 30 
1.3H5575 00  
1.*42@4$ 00 
1.65URUE 00 
1.76717: 00 

R(SLG/P**- l )  
1.94925E-93 
1.9Jh7JE-53 
1.92726:-03 
1.9J603L-33 
1.96327B-C3 
1.,3357SE-G3 
2.13535;-23 

2.5u4a09-03 
2.3a3045-03 

0 
6.37031E-01 
6.4GU78E-01 

6.31982E-01 
6.148598-01 
6.06812€-31 
5.993Y2E-71 

6.04610E-01 
5.92C52L-01 

U (F/SEC) 
b.RYOq5E 02 
6.9277UE  02 
6.9C937E J 2  

6.65C628  02 
6.83584E  02 

-6.   483325  02 
6.563596  02 

6.UC43t.E 02 
h.53977E 0 2  

6 . 3 a 7 ~ l i - 0 1  

V 
1.3578GE G O  
1.3G389Z C C  
1.36R57E 0 0  
1.374lOE O i  
1.37554E 00  
1.37139E C C  
1.32537E 0 0  

1.14623E 0 0  

V (F/SEC) 
1.46873E 0 3  
1.U7201E 03 
1.480323 03 
1.48538E 03  

l.UH337E 03 
1.48785E 0 3  

1.433572 C3 
1.314C7E 0 3  
1.23983E C 3  

1.214a9z 03 

E 
1.95967E 00  
1.96561E 00  
1.9669RE 00 
1.97333E 00  
l.?75b6E 00 
1.1173498 00  
1.952QoF 00 
1.90282E 00  
1.87292E 00 

C (F/SEC) 
1.62233E  03 

1.63363E 0 3  
1.035OUE 53 
1.62972: 0 3  
1.622C9S 0 3  

l.GhlA3E  03 
1.57337E 03  

l.40173E  03 

1 . 6 2 6 ~ ~  0 3  

7.C5300E-01 
7.023499-91 
7.31539E-01 
7.023358-21 
7.372956-31 
7.105578-01 
7.290612-91 

T 

7.669aoz-01 
~ . ~ u ~ ~ R E - o I  

B E T A  ( D X )  
6.UR667E G 1 
6.479683 C 1  
6.U9792E 0 1  
6.53324E  01 

6 . 6 1 3 1 6 3   0 1  
6.5a155E  01 

6.42169: G! 
6.56053:  01 

6.21R942 0 1  

H n 
2.66Ub7E 00  1.50971B 00 3.926942-04 
2.6634b1 00 1.51625E O i l  2.8515bE-01 
2.56RS2E 00 1.523.96E 00 1.51992E-Ob 
2.676152 30 1.52DPlE 00 3.77335E-05 

2.68S14E 00 1.53347:  00-1.04644E-03 
2.bU293E 00 1.534148 30 7.612745-01 

2.6a292E 00 1.U3979E  OC-2.523428-03 

2.65725E C C  1.236732 30 3.92258E-04 
2.6697.3E 00 1.30132E 00 4.15301E-03 

T (0EG - R )  PT(LBP/F**2) S T R E A Y  PWCT 
4.806b9E 02  2.12309F 0 3  0.50009 
4.79202E U t  2.105P7E 0 3  1.11700E-01 
U.78377E 02  2.091946 0 3  2.P2873Z-01 
4.791S9E 02  2.03227E  03 3.032dlE-01 
U.62227P 0 2  2.102C’E 0 3  4.82513E-01 
U.EU5.i5I! G2 2.13063E 03 6.01131E-01 
3.97?73? C2 2.313SdC C J  7.23319E-J1 
5.22P53,P 02 2.7C35SP G 3  6.55314:-01 
5.3u761E 0 2  3 . 0 0 8 5 3 3  0 3  9.99959E-01 

5 

ITIRL = 100  TIRE = 1.9RBUUE 00 I D  = J J = 5 X = 1.67912E-01 ( P E S T )  RDOT 1.56081P-03 (SLG/SEC) 

K 1 ( ? h n I A I i S )  
U -2.  lrU35E-91 
5  -l.9734?E-C1 

7  -1.63311E-21 
6 - 1 . R 3 3 5 ~ i - i l  

8 -1.4625YE-01 

16  -1.12187:-Gl 
9 -1.232iEE-01 

11 -9.51U52i-C2 
12  -7.RlCjtJE-02 

X 1 (FIPEET) 
0 -3.217YSS-01 
5 -2J5dC57E-Cl 
6 -2.723iSE-Cl 
7  -2.46593E-G1 
A -2.28n62E-01 

10  -1.6939bE-01 
9  -1.95130E-01 

* 12  -1.1793PL-01 
11 -1.43646E-C1 

v 

9.405635-91 
c.4c;32z-c1 

4.515tC+$l  
9.Gli66E-01 

9.69jJbE-01 
l.GZi725 FG 
1.164332 30 
1.333P4E O C  
1 . 3 i u C l E  00  

F (LP€/F**2) 

1 .5t376E C3 
1 . 5 2 ~ ~ 5 ~  0 3  

1.565841  03 
l.dC322E C3 

1.723C8: 03 
1.6331UE 03 

1.96167E G3 
2.2U7265 G3 
2.3149UE 0 3  

e R l l O  
1.33970E 00 6.Le1771-01 
1.33tlHd3 01) b.4525AE-01 
1.341.458 O ?  6.39U245-03 
1.35115E 03 6.34477F-01 
1.3b922i: 00 6.1975UE-Gl 
1.4232GE 00 6.15331E-G1 

1.71231F 09 6.0373tE-01 
1.55aii22 30 6.11C95E-01 

1.756221 30  b.065l~3E-01 

U 

A (SLC/F**3) 
1.7;922E-63 
l.Y2803E-C3 
l.Q?03CE-03 
1.94563L-03 
1.971732-03 
2.CU9553-53 
2.2UU7lE-03 

2.52903E-03 
2.46SP9E-03 

U (r’/sEC) 
7 .C l l r ) lE  G ?  
6.S7542E C2 
6 .916331  02  
6 .Rls3 tE  02  
6.7C357E G2 
6.65573E  02 

6.5303iE C2 
6.609951  02 

6.5602UE 02 

1.3h05t.E DO 
1 . 3 u 5 i l E  3 G  
1.3710‘E.CC 
1.37261E C0 
1.36736E O C  
1.LIJAR39 1’0 

1.1595CF: C O  
1.256522 O C  

1.14920E 00  

V ( F / S Z C )  

1.47GaRF. 0 3  
1.46239: C3 

1.473C3E C3 
l.Ud46RE C3 

1.4riAlSE 33 
1.359128 0 3  
1.25417E 03 
1.243132 C3 

V 

1 . ~ 7 1 6 5 ~  173 

E T 
1.965339 PO l .S207CE-”l  
1.96‘356Z 00 7.721359-31 

1.475b52 G O  7.9UJ:lE-91 
1.97425E C O  7.022?39-C1 

1.971ClE O C  7.075C95-31 
1.956iZF: 50 7.185762-51 
1.91770E 00 7.U6931E-01 

1.674508 CJ 7.823691-61 
1.876062 O C  7.14906E-01 

0 (f/SEC) 
1.539lZF  03 
1.63331E ( 3  
1.4363aE C3 
1.63359E 03 
1.623852 03 
I .  593785 03 
1.51133E 0 3  
1.4 14GOE 0 3  
1.40561E 03 

B E T A  (irRC) 
6.L525lE C1 
h.470iSE 0 1  

6.5345‘31 0 1  
6.69967E  01 

6 . 5 6 1 7 9 E   9 i  
6.53163E 0 1  

6.24945E  01 
6.4C6UUE 0 1  

6.2178UE 0 1  

H n 
2.60710E 00 1.52313E PO 3.59343E-CU 
2.67107F 00  1.523?68 E0 6.54532E-04 
2 .676i iE  F9 1.52573E P0 3.252332-04 
2.67975E OC 1.52095r  C O  1.334279-04 
2. t7896F 0: 1.507q6E 00-l.b36UJO-C5 

2.60b631 0.0 1.366376 00 1.705711-03 
2.67kH3B 00 1.46906E 03-6.0312UE-OD 

2.655018 CO 1.251d3E 03 6.GY571E-03 

5 

2 . 6 5 5 ~ 1 7 ~  no 1 . 2 ~ 1 6 8 ~  00 3.65211~-011 

T (DEC - B) 
4,7rh71:  02 
4.71‘69‘8F: 0 2  

u . ~ n ? 3 2 ~  02  
u . 7 e 7 6 1 ~  r?  

4.P5915E 02  
4.82679E 02 

5.09257B  02 
5.31085E C 2  
5.33U19E 02 

PT(L?P/F+*2) S T R Z h ?  FRCF 
2.1111;6? e 3  c.0300.3 

2.C9770E 03 2.3d16dE-51 
2 . 1 0 5 2 ~ 2  0 3  1.19k72E-01 

Z.lO246E 03 3.55986:-01 
2.12082E 03 4.73215:-01 
2.222078 0 3  5.921402-01 
1.5.1439E 03 7.1t32382-01 
2.8R772E 0 3  8.55237E-01 
2 . 9 a u 9 3 ~  03 ~ . W ~ W E - C J I  



ITIflE = 100  TIHE = l.Qt3844R 0 0  I D  = 3 J = 1 5  X s 2.562871-01  (FEET) R D O T  = 1.60912E-03 (SLG/SEC) 

I( Y (RADIANS) P R H O  rJ V F: T 11 n s 
4 -5 .36521E-92 9.378352-01 1.33701E 00 8.CH439E-01 1.23937E 0 0  1.94207E G0 7.014021-01 2.64391E 0C 1.49322E 00 2.69638E-04 
5 -9.27L71t-G2 9.R9351E-01 1.38305E 00 8.26223E-01 1.185181 00  1.92U25E 00 7.lU618E-01 2.63RA7E 00 1.04441E 00 5.337U8E-03 
6 - 6 . 5 d 2 3 1 i - 0 2  9.75nC6I-01 1.J7552E 00 P.CO515E-01 1.18720E 00  1.959'9bE 00 7.C931CE-Cl 2.rid537E 00 1.4b31hE 00 2.0549flE-04 
7 -0.PY757E-GZ l.C26!1F 00  1.42756E On 8.4335OP-01 1.16574E 00  '.93Ci)4E 00  7.203295-C1 2.65037E 00 1.432RlE 00 6.260872-04 
t: -3 .1754lE-02  1 
9 -1 .5$297I-02  1 

IC 1.b9495E-03 1 
11  l.Rd194E-02 1 
12  3.5744GE-02 1 

4 -1 .4Y?jlE-G1 
5 -1.2!571E-C1 

7 -7.331'23E-02 
8 -4 .  773?CE-G2 
9 -2.24499i-CZ 

10  2.8305CE-03 

12  5.339098-02 
11 2.81106E-02 

G - i .  522934k-ii2 

lhB2?F 90 1.55b35E C O  6.541378-31 1.752572 00 1.875726 'JC 7.50616E-01 2.62633E rJO 1 . 3 1 2 4 9 i  C O  7 .261102-03 
26C17F C0 1.60530': 00 5.77804F-01 1.16838E 0 0  1.85379E 00  7.GUO63E-31 2.61776E 00 1.26G27E 00 1.81592E-03 

63959E 00  1.9U0557. 00 5.01522E-31 1.025198 00  1.91533E 00  8.27957C-01 2.6U32aE 00 1.06014E 00 1.707.76B-02 
43€47E G O  l.L(l449E 00 U.96682E-01 1.13611E C C  1 . 8 4 1 9 0 ~  0 0  7.91665E-01 2.63361E C O  1.1777131 00-8.7833UE-04 

66563E 30 2.01536E 00 5.68698E-01 9.85941E-01 l .80792E 00  8.26466E-01 2.63433E 00 1.05fl09E 00 1.45018E-04 

1.5eCCbE 0 3  
(LBi/F**2)  

1 .66517E  03 
1.644L4Z  03 
1 . 7 3 2 5 5   0 3  
1.96612E  03 
2 . 1 2 j 1 3 E   0 3  
2 .42J16E   03  
2 .706958  03  
2.80625E  03 

P(SLC/P*'3) 
1 .525352-03 
l.Y916UE-?3 
1.5HCdJb-03 

2.24121p-03 
2.055745-03 

2.375058-03 

2.74447E-03 
2.61294E-03 

2.90220E-03 

U (P/SECI V (F/SCC) P (P/SEC) BETh (DFC) 
b.74uU8E 0 2  1 .340572  03  1.6CG56E 03 5.h8837E  01 

9 .524lCE  02  1.2PUl4E 05 1.5987HE 0 3  S .?Ul67E  01  
8.93685E  02 1.29195E C.3 1.56271E  03 5 .511851   01  

7.50R14B  02 1.24667E  03 1.45531E  03 5.89414E  01 
Y.12210E  02 1.2605dE  03 1.55634E  63 5.U1175E 0 1  

6.24Y82E 0 2  1.26378E  03 l.UC987E 0 3  6 .36959E  01  

5 .424728  02  1.10901E  03 1.23457E  03 6 .39343E  01  
5 .372368  02  1.22887E C3 1.34117E  03 6.63860E  01 

6.15035E  02 1.066UUE 0 3  1.23108E 0 3  6 .00272E  01  

T (FZG - R) P'I(LFF/F+*2) STREA!l PNCT 
4.7ti243E C2 2.46451E  03 O.OOCO0 
6.87226E 02  2.64734i:   03  1.295q6E-01 
4.83675E 02  2.77395E 03 2.6678UE-01 
4.91110E C2 2 .804 ldE   03  U.075S12-01 
5.11770E 02  2.73732E  03  5.UC672E-01 
5.209388 02  2.67570E 03 6.59176E-01 
5.33757E 02  2.89454B  03  7.67243E-01 
5.64500F: 02  3.33199E  03  8.76490E-01 
5.63OA4E 02  3 .65358E  03 1.000002 00 

ITIYE E 190 TIHE = 1.q88UUE 0 0  I D  = 3 J = 16 X = 2.65125E-01  (FEET) 8DOT = 1.6123OE-03 (SLC/SEC) 

K Y ( P A V I A N S )  P RHO '1 V E T H 1 s 
U -7.r,9755E-O2 a.ii5077E-01 1.2132901 00  8.7HQ79E-01 1.22677E 0 0  1.958771 00 6.899G22-01 2.6UR67E C O  1 .535608 00  2.03550E-04 

6 -5 . t737hF-02  1.07UR8E 00  1.46855E 00 8.27891E-01 1.13714E 30 1.9143lE bfl 7.31934E-01 2.6462UE 00 1 .389531 00 5.285266-03 
7 -3 .951dlF-02  1.31LlOE C O  1.69441E C O  6 .61d95E-01 1.09643E 00  1.85135E 00 7.7U394E-01 2.62574F 00 1.23003E C O  4.45187E-03 

5 - 7 . 3 ~ 5 7 1 ~ - 3 2  B . ~ ~ ~ O C F , - O I  1.2e513E 00 9 . 2 3 3 2 & ~ - 0 1   1 . 2 0 9 1 3 ~  00 1 . 9 7 6 4 6 ~  00 6 . 9 0 2 0 2 ~ - 0 1   2 . 6 6 6 6 6 ~  00 1 . 5 4 7 9 d E   0 0 - 1 . 2 9 ~ 0 7 ~ - 0 3  

8 - ~ . ; 4 9 r 7 ~ - ~ 2   1 . 3 8 5 5 9 ~  co 1 . 7 6 5 7 ~ ~  00 5 . 4 7 7 4 q ~ - o 1   1 . 1 1 2 0 7 ~  00 1 . 9 3 0 3 a ~  00 7 . a 6 9 5 7 ~ - 0 1   2 . 6 1 7 9 ~ ~  00 1 . 1 8 1 0 3 ~  00 u . 0 ~ 2 7 4 ~ - 0 3  

1C 1 . i 7 ~ 3 3 E - 0 2  1.302335 00 l .86074E 93 5..?3575E-01 1.1139CE 06 1.85104F: 03 8 . 0 j k l h 5 - 0 1  2.6EUb6F C O  1.152711 00 1.81592E-03 
0 -5 .3792CF-03 1.399?5E C O  1.7751tlE 00  L.9YC9;E-01 1.141BOE 00 1.83699E 00  7.9b3432-01 2.623335 PO 1.1@?25€ CO 2.38776E-04 

11 2.E85771-02 1.56495E C5 1.9CP72E ? 9  5.67435E-01 1.r15157t C C  1.d577EE 03 8.lQGGUE-31 2.67725f.CO 1.11559E C O  1.31698Z-02 
l i  U.59791E-32 1.54551B CJ 1.9111118 G.0 6.0C5C?E-31 1.01i558E 06 1.84637: O G  P.09521E-Jl  2.65580P  03 1.132946 C O  1.83394E-05 

P(LBF/F**2) 
1 .%?113?  C3 

1.81C4bE C ?  
l . ' l ' , - . : ? :  ? 3  

Z.i l27CE 0 3  
2. 3Sl lRF G3 
2.35712E  03 
2 .531142   03  

1.61C628  03 
2.63btUZ  03 

R(SLG/P..3) 
1.947U37-03 
1.051 kh1-53 
2.11 477'-c.3 
?.4LCL.!?S-C3 
2.53;7s.-c3 
2.562C59-C3 
2.692798-03 

2.75f.39E-OJ 
2.75C09E-03 

II (F/SEC) 
9 . cc749z   02  
9,Y'';?YE C2 
2.95496E C2 
7. 159riUE 0 2  

5 .387623  02  
5. S2d72E  02 

5.45125E  02 
6.13767E  02 
6. 49534E  02 

V (F/SF.C) 
1.3269iiE  33 
1.157Vf:X L 3  

l .lY59GE  03 

1.23503E  03 
1.24287E 0,3 

1.204758  03 

1 .131398   03  

1 .227941  03 .  

1.13744: 0 3  

0 (F/SEC) BETA (DEG) 

1.521U4E C 3  5.39437Z  51  
1.6115915 0 3  5.;61.2YI P l  

1.3H531F 03   5 .688135   01  
1.34C.37F: 03  6 .37775E  01 
1.347US: 0 3  6 .64315F   01  

1.292b7E 0 3  6.1GC84E 0 1  
1 .3 i i34E G 3  6 .565u lE   01  

1.30458E 03 6.51396,O 0 1  

1 . 6 3 2 3 9 ~  03 5 . 4 3 7 ~ 5 ~  n1  
T ( P E G  - R )  PT(LPF/P*+2) STREAR PNCT 
4.70375P 02  2.52977E c 3  0.03009 
11.7:55745 r 2   2 . 6 7 0 3 1 ~   c 3  1 . 3 5 ~ 9 ~ - 0 1  
U.SSC31E C.2 2.dIiCLRE 03  2 .76455E-01 
5.27931F L'2 3.01?4?E 03  4.13201E-01 

5 . 3 b l 2 l t :  02 2.82023E 03  6 .4383hS-01 
5.3tiS47F: C.2 2.91207E 9 3  5.35402E-01 

5.U7769P 02 3.CU95SE 0 3  7.50A18E-01 
5.5H710E 02  3.35384E 0 3  8.693532-01 
5.51931E 02 3.41139E 0 3  1.OOOOOE 00 

I( r ( P A I I A H S )  
4 - % . i i t c j : - C Z  9.34557C-51 
5 -L.5c5; le-G2 1.21625: 06 
A - U . ? ; ~ P : E - C ~  I . ~ + ~ ? C Z  00 
7 -? . I5P9ZE-62 1.51t49E C O  
I! -1.315GCZ-02 1 . L l l i S E  00 
0 4.27clOE-C3 1.3979YE 00  

1 C  2.170YlZ-CL 1.49556E O C  
11  3.91bOJB-02 1.53087E 00  
12  5.b572UE-JZ l .489SUl G O  

P 
1.337tiUr: 0 0  
l.GO247F. 0 5  
l.ri5759L 3 3  
1.926151 0 0  
1 .7bt26E C C  
1.77hUli: 00 

1.A625QF 00 
l . b b ' J 9 2 ~  05 

R H O  

1 . 8 6 5 9 ~ ~  00 

U 
R.Hl.305E-01 
7.3c159ci-01 
6.3911EE-01 
5.31725E-01 
5.ClC19E-Cl 
5 .99Rl lE-01  
5.49t79E-01 
5.99796E-01 
5.9314tE-01 

V E T H 
1.1Y615E G O  1.95174P 00 7.CG!,,??0-0i 2 . 6 3 I u L ' U  00 
1.1143, lu  0 0  1.8PH07P C 3  7.5*3YbF-J1 2.6L73o6 00 
1.355P38 C C  1.63JY3i: O G  7."43CZi-01 2.63ri9':'.? 0 3  
1.07325:: C C  1.82627L 00 H.C537?E-91 2.6313Ui: 00 
1.13507E 30 1.8U217E 30 7.4?0hlZ-01 2.532232 Cc) 
1.141635 O C  1.81109.2E 00  7.8b798E-31 2.631734 00 

1.05638B 0 0  1.8h7071 00  e .131721-01 2.680141 C O  
1.09927E 00 1.877341 0 0  d.00378E-J1 2.671721 00 

1 . 0 7 7 7 2 ~  00 ' 1 . ~ 3 7 1 9 ~  G O  8.03i32E-al  2.Ouoa22 00 

n 
l . i @ n l ! E  90  1.36495E-CQ 

s 

1.29742% 05 6.67107E-03 

1.1zfl19E 00  4.216U3E-04 
1.15189E 00 5.966428-05 

1.18052E 00 3.36492E-03 

1.13853E 00 1.118871-02 
1.190576 00 2.931898-03 

1.17999E 00-3.84450l!-05 

I. 1 9 1 2 8 ~  00 1 . 3 5 0 0 5 ~ - 0 3  



I( I (P=PEET) 
Y -1.23652E-L1 

6 -7.16;95E-U2 
5 -9.7645HE-02 

7  -4.56333E-02 
8 -1.96269E-02 
9 6.37935E-03 

11 5.R3919E-C2 
12  8.43982E-02 

IO 3 . 2 3 e 5 5 ~ - 0 2  

F (LEF/P**2) 
1.57461E 0 3  
2.0491lE  03 
2.5C3552 03 
2.55635E 9 3  
2.37768E 0 3  
2.35533E 0 3  

2.579218 03 
2.526478 03 

2.50941E 0 3  

R (SSG/P+*3) 

2.307625-03 
1,920795-53 

2.675141-03 
2.716132-03 

2.55867E-03 
2.57229E-03 

2.68709E-03 
2.7  1103E-03 
2.679801-03 

II (r/sec) 
9.5356HE 02 
7.39967F  02 
6.5994UB 02 
5.7514 1E 02 
5.U192HE 02 
5 .514378  02  

6.U8770E  02 
5.94560E  02 

6.41573E  02 

V (P/SEC) 
1.2Y?H2E 0.1 
1.20528E  03 
1.1421339 0 3  
1.16OARB 03 
1.228738 03 
1.23URUE 03 
l . lh572E  03  
l . lU2b3E  03  
1 . 1 ~ 9 0 2 ~  0 3  

Q (P/SEC) 
l.dC707P 0 3  
1.44660E 03 
1.31U50E 0 3  
1.29554E 03 
1.342Y3E 0 3  
1.35238E  03 
1.3GR5dE 03 
1.313972 03 
1.35107R C3 

BETA [ D X )  

5.64270E  01 
5.36177E  01 

6 .001553   01  
6.36UU5E 0 1  
6.623028  01 
6.593613  01 
6.29766E  01 
6.041288  01 
6.164968  01 

T (9LG - R )  PT(LOP/P**2) STREAH ? K T  

5.17476E  02  2.97984B 0 3  1.40265E-01 
4.77726E 02 2.669868 0 3  C.0'3000 

5 . 4 5 3 7 2 ~  02 3.289738 03 2 . 7 7 9 2 5 ~ - 0 1  
5.4a8992 0 2   3 . 1 7 0 5 6 ~  03  I I . O U ~ ~ R E - O I  
5 .386638  02 2.85105E 03  5.1752UE-01 
5.364392  02 2.937531 03 6.24521E-01 

5.544203  02 3.352233 03 8.673233-01 
5.47916E  02 3.16399E 03 7.39287E-01 

S.US698E 02 3.21667E 03  9 .999991-01 

K Y (PA5IAIIS) 
U -7.41525E-02 
5 -5.77C26E-02 
6 -3.91527E-02 
7  -2.13C27E-02 
8 -3.452788-03 
9 1.43972E-02 

10  3.2ZU71E-02 
11 5.C0971E-02 
12  6.79670E-02 

K 1 (P=FCET) 
Y - l . l l€OSE-GI 
5 -R.49907E-02 

7 -3.176231-02 
E -5.14809E-03 

1 C  9.80bGUE-02 
11 7.46947E-02 
12  1.013C9E-01 

6 -5 .  a 3 7 6 6 ~ - 0 2  

9 2. iu662e-02 

1.514151 00 
1.53637E 00 
1.560SBE 00 
1.45282E 00 
1.390333 00 
1.45020E 00 
1.53557E 00 
1.55515E G O  
1.51415E 00 

P 

F (LBY/P**2) 
2.55103E 0 3  
2.5EeU8P. 0 3  
2.62Y43E 03 

2.342421 03 
2.647722 0 3  

2.44329E 03 
2.59713E 0 3  

2.551032  03 
2.6231:E 0 3  

1.Bd2799 90 
1.9010?F 30 
1.92078B 00  
1.824U2I: 00 
1.76521E 00 
1.81741E 00 
1.8951hE 00 
1.913426E 00 
l.dfl3GlE 00 

R(SLG/P**3) 
2.71130E-C7 
2.73752E-03 
2.7660GE-03 

2.5U1979-03 
2.62724E-03 

2.6171UE-03 
2.72919E-03 
2.742251-03 
2.71161E-53 

RHO U 
7.19526F-01 
5.47725'E-01 
5.23U3r,E-01 
5.21774E-01 
5.26582E-01 
5.40001E-01 
5.65986R-01 
5.7866bE-01 
5.5560CE-0 1 

9.R9353E-01 

1.05200E 00  
1.11302E 00  
1.12174E 01) 
1.07447E 00 
1.03407E 00  
1.06095E 0 0  
1. I 1  31tE 00 

V 

l .c~e606r:  o n  
1.85611E 00 

1.82956s 00 
1.8575.3E 00 

1.84367B 00  

E 

1.81525E 00  
1.834201 00 

1.R17HlE  00 
1.86925E 00  
1.8bl53E 00 

~~ 

U (F/SEC) V (F/SEC) P (P/SEC) 
7.7627kE 0 2  1.07013E 03  1.323221 03 
5.924518  02 1.17473E  03 1.31567E 03 

5.643781 02 1.20JYJB 0 3  1.32Y62E 03 
5.66169B 0 2  1.14871E 0 3  1.28066E 03 

5.695771 02  1.21333E 0 3  1.34937E 03 
5.840928 0 2  1.16220E 0 3  1.30072E 03 

6.25917E 0 2  1.1U7.57E 03 1.3C717E 03 
6 . 0 0 9 6 5 E  9 2  1.2040bE 03 1.3U570E 03 

6.121998  02 l . l l a 5 0 ~  03 1 . 2 7 5 o a ~  0 3  

H.OU201E-01 
8.Od191E-01 

7.963205-01 
8.12522E-01 

7.676268-01 
7.97948E-01 
8.15261E-01 
R.16670E-01 
B.OU11OE-01 

T 
2.660 31 E 00 
2.66577E 00 
2.64209E 00 
2.63939E 00 
2.62193E 00 
2.61320E 00 
2.628071 00 
2.68592E 00 
2.68564E 00 

H n 
1.15292E 00 5.15583E-05 
1.14351E C O  1.15361E-03 
1.110113 C O  2.35611E-03 

1.18009E 00 5.02169E-03 
1.16421E 00  2.80190E-03 

1.10681E.80  4.94069E-03 
1.13775E 00 b.384072-03 

1.13021E O C  1.C90399-02 
1.172571 00-1.0721YE-04 

5 

BETA (UEG) T ( P E G  - R) PT(LDP/P**2) STREAH ?NCT 
5.39726B  01 5 .9830UE 02  3.725398  03 0.00009 
6.32365E  01 5.5102UE C2 3.224181  03 1.C4605E-01 
6.37625E  01 5.53977E 02  3.246d5E 03 2.68126E-01 
6.1+8831€ 0 1  5.429311 02  2.965U3E 0 3  3.P6257E-01 

6.331711 01  5.940411 0 2  3.0475UY. 03 6.151423-01 
6.133633 01  5 .524352 G 1  3.31U72E 03 7.3YllOE-01 

6.347541 0 1  5.482UlE 02  3.17254E 0 3  1.OOdOOE 00 

6 . 4 8 5 3 1 ~   0 1   5 . 3 7 0 0 3 ~  02 2 . 8 6 ~ 9 7 ~  0 3  u.93e1oz-01 

6.139082 Oi 5.5hR052 02 3 . 3 4 ~ 0 2 ~  03 8.70352E-01 

ITIHE = 100  TIRE = 1.Y8R44E 00  ID = 3 J = 19  X = 2.91637E-01 ( F E E T )  )IDOT = 1.59102E-03 (SLG/SEC) 

K I [ R A D I A N S )  P 9 HO U V E T li n 5 
4 -6.5242BE-02 1.556i6iI 00 1.92C199 00 5.U8275E-01 1.07711E 00. 1.R5499E C0 8.1047UE-01 2.D654hE 00 1.134645 00-4.460552-05 
5 -u.73929P-O2 1.543C5E OJ 1.91!7735 00 5.U2U65E-Gl 1.09986f: GO 1.8F337Z 00 8.10?05R-01 2.67237E 00 1.192232 00 1.60539E-03 
6 - i .45Li38-02  l . U E ' l u U ?  03 l .dU8lqF 09 S.GSE34F-Ll 1.687679 Q O  1.d4252E 30 ti.0157hE-01 2.6u'JOYE C @  1.14F52E C O  U.2130YE-03 
7 -1. l t93CE-32 1.39?F75 00 1.76hF-82 2 C  5.U!75"F-C1 l b 1 l f i > 7 E  00  l.H31'17? 00  7.97582B-01 2.62b5hE C.J l . l t i4736 00 3.96YSOE-33 

10  U.19559E-02 1.6ilSOE 00 1.95UG3E 0 3  5.41UL7E-Cl 9,92178E-01 1.7A72hE C O  8,195918-31 2-6Sh85E (10, 1.05hOqE 00 4.15295B-03 
9  2.45C59E-42 1.542753 50 1.80900P 00 5.23s73E-Cl 1.01317E 00  1.783JUE G O  b.12373E-01 2.bhl72R 00 1.076508 G O  6.732dLE-03 

12  7.75568E-02 1.55626E 00 1.92033E 00  5.57214E-01 1.09159E EO 1.R7543E O G  P.lOU17E-Dl 2.68531E OD 1.15061E 00-1.43707E-OU 
11  5.970668-02 1.597d7E 00 l.Y42D!lE 00 5.U53U4E-01 1.035732 C O  1.83976E 00 8.22512E-01 2 . 6 ~ 2 2 7 E  00 1 . G P O H O E  O i l  1.OJU17E-02 

tl t . 1 5 6 w ~ - a 3  1.0335bE 00 I . ~ L I A S ' :  03 5.27537E-C1  1.07q;2i: 00 1 . 8 C 3 9 3 ~  03 7.7559:~-01 2 . 6 ~ s ~ ~  cn 1.13H2iE  00  6.Hh747E-33 

K I [F=FEET)  P(LBF/P**2) P ( S L C / P * * 3 )  U ( F / S E C )  
4 -9.72185E-92 2.62149E C 3  i .7b515E-03 5.43C42E  02 

6 -6.44221E-G2 2.495931 0 3  2.661412-03 5.flY331E 02 
5 -7.C5295E-Ci 2.668162 0 3  2 . 7 f l U R P - 3 3  5.80758E  02 

7  -1.7623eF-02 2.343ClE 0 3  2.5U43uE-03 5.8Alh7E  02 
t! 9.17U57E-03 2.415225 03 2.59073:-03 5 .72El lE  0 2  
9 3.5772YE-02 2.5991UE 0 3  i.7346UE-03 5.71b23E  02 

1 C  6.23713E-02 2.698211 03 2.81388Z-03 5.8779fiE  02 

12 1.1556dE-01  2.62199E 03  1.7653qE-03  6.0271CE 02 
11 8 . 8 3 6 ~ 6 ~ - 0 2   2 . 6 9 2 1 0 ~  03 2 . 7 9 7 5 3 ~ - ~ 3   5 . 8 9 ~ 7 2 ~   0 2  

V (F/SEC) 0 (P/SEC) bETA ( D E G )  T (DEG - R) PT(LEP/F**2) STREA!! PNCT 
1.10506E  03 l.3G731E C.3 6.3C22dE 0 1  5.525dlE 02 3.27317E 0 3  0 .00000 
1.177702 0 3  1.3159JE 0.3 6.35176E  01 5.SL397X 02 3.LJ273L 03 1.ZdJlaE-01 
1.17669E 03 1.31602B 0 3  6 .339663  01  5.46516B 0 2  3.10hlJE 0 3  2.53H21E-01 
1.259792  03 1.34513E  53 6.15722Z  01 5.360381 02  2.89Y73E 0 3  3.7467jE-01 

1.10239E 03 1.2417dE 03 6.259181 01  5.538751 02  3.2h711E 0 3  6.12076E-01 
1.1673UE C3 1.2993uE 03  6.39500E 0 1  5.UZU34E 02  2.38561E 53 4.52563E-01 

1.07319E 0 3  1.22362E 0 3  6.12905E  01 5.58737B 02  3.U5175E 0 3  7.3893OE-01 
1.1203C3 G 3  1.2661GE 03 6.223172 01 5.60788E 0 2  3.38952E 03  8.69215C-01 
1.180721 0 3  1.32566E 0 3  6.295768  01 5.5251128 02 3.277778 03 1.OODOOP 00 



U 
0 I T I H E  = 

I( 1 (RADIANS) 
4 -7 .435271-02 

6  -3 .91528E-32 
5  -5.7'lC27E-C2 

7  -2.1302?2-C2 
8 -3. 4523CE-03 
5 1.43971E-62 

11  5.OC970E-02 
10  3.2247CE-CZ 

12  6.73U69E-32 

K Y ( F = F E I T )  
4 -1 .11635E-01 
5 -8.49909E-02 
6 -5.937688-02 
7   - 3 . 1 7 6 2 5 ~ 0 2  
8 -5.14826E-03 
9  2.1466DE-02 

10  4.86802E-GZ 

12  1 .013?9E-01 
11  7 .46945E-02 

100 T I N E  1.988UPE 90 

1.511il5E 00 
1.536372 00 
1.55SS8E G O  
1,452,029 00 
1.39037: t0 
1.4522C: 00 
1. j3557E 00  
1.55515E C O  
1.51b15E co  
P(LBP/F**2) 
2.55103E  03 
2.58848E  03 
2 .629431  03  
2.44772E  03 
2.34242E 03 
2.u4329E 03 
i .5H713E  03 
2 .620111  03  
2.551C3E  03 

P 
1.9F279E 00 
1.9ClOCP 00  
1 . 9 i i 7 5 E  C3 
1.8ZUU2E C O  
1.7b521P G O  
1.Y17U1'2 90 
1.9Y516E G O  
l.YS426P co 
l . R 8 ? r , l I  oc 
R(SLG/F**3) 
2.71130E-03 
2.73752E-03 
2.76600E-03 
2.62724E-03 
2.54197E-03 
2.61714E-03 

2.7822OE-03 
2.72913E-03 

2.71161:-03 

n H O  

I D  = 6 

U 
5.53297E-01 
5. U772?L-01 
5 .2343iT-01  
5.21774E-01 
5.265926-01 
5.41COlE-Cl 
5.65486E-01 
5.7866€!5-01 
5.62695E-01 

U (P/SEC) 
5.98470E  02 
5.92451E  02 
5.66 169E  02 

5.69577E  02 
5 .643783  02  

5.840928  02 
6.12199F  02 
6.25917E  02 
6 .086398  02  

J = 2 X = 2.828COE-01 

1.09106E 00  
1.085CbE 00  

1.113C2E 00  
1.962COE O C  

1.12174: G C  
1.07UU7E 00  
1.034G7E 90  
1.06J95E 0 0  
1.10960E 00  

V (F/SEC) 
1.180145  03 
1 .174731   03  
1.14871E 0 3  
1.2'23903 0 3  
1.21333E 03 
1.16220E  03 

1.14757E 0 3  
1.118SOE 0 3  

1.200205  03 

Y 
1.85611E 00 

E 

I.  8 5 7 5 8 ~  00 
1.8i956E G O  
1.84367E 00  

1.81525E 00 
1.83420E 00 

1.81781E Or)  
1.869253 00  
1.88153E O C  

Q (?/SZC) 
1.323229  03 
1.31567E  03 
1.26066E  03 
1.32962E 0 3  
1.34037E  03 
1.3C072E 03 
1.27508E  03 
1.3G717E 03  
1.345733 33 

(FEST) f l 3 0 T  = 1.59068E-03 (SLG/SGC) 

T 9 n S 
8.042ClE-91 2.66C:lE CO 1 .152921 30 5.155833-05 
8.DE19'F-tl 2.6h5-7E 30 1.14351E 00 1.15061E-03 
8.12522E-21 2.hl.ZCJBE 00 1.11011E 33 2.356111-03 
7.96320:-'31 2.63999E 00 1.164212 00  2.80190E-03 
7.87625E-31 2.62183! 00 1. lROOPE J O  5.321692-03 
7.97YU8E-01 2.613202 00 1.13775E 00 6.33407E-03 
8.1C261E-01 2.628Z7Z 00 1.10681E 00 e.94069E-03 
R.16670E-01 2.68592: 00 1.13021E 00 1.09039E-02 
a .au11oz-o l  2 . 6 ~ 5 6 ~ 5  OQ 1.17:572 O O - I . O ~ ~ ~ ~ P - O U  

RBTA (JEC) f (DEC - R) PT(LSP/S**2) STREAK PNCT 
6.31096Z  01 5 .483345 5 2  3.187541  03  0.00000 
6.32369E  01 5.5102uE 02  3.22418E  03 1.280302-01 
6 .376253   01  5.539773 02  3.24685E  03 2.53826E-01 
6.488315  01 5.U2931E 02  2.98503E 03 3.74133E-01 
6.48531E  01 5.37033P 02  2.86497E  03 4.89777E-01 
6.33171E  01 5.440UlE 02  3.04754E  03 6.07233E-01 
6.13063E  01 5.52435E 62  3.31472E  03 7.3348UE-01 
6.13938E  01 5.56805E 02 3.34900E 03 8.671UUE-01 
6.31096: 0 1  5.GH241E 02  3,190351:  03 1.00000E 00 

K r (RADIIIS) 
4 -6 .52430E-02 
5 -4. 73930E-02 
6 -2.95431E-02 
7  -1.16931E-02 
b  6.1568OE-03 
9  2.40068E-02 

10 6 . 1 8 5 6 7 ~ 0 2  
11  5.97067B-02 
12  7.755t6E-02 

K Y (F-FEET) 
4 -9.72191E-02 
5  -7.C42P7E-02 
6 -4.40224E-32 
7  -1.74240E-02 
fl 9.17430E-03 

10  6.23710B-02 
9  3.57727B-02 

12  1.15568E-01 
11  8.8969UE-02 

I T I R E  = 

K Y (PAfIANS) 
4 -5 .56331E-02 
5 -3 .77t l32i -32  
6 - 1 . 9 9 3 3 2 P G 2  
7  -2.Oe33CE-63 
8 1.57b67t -02  
9 3,361668-02  

1C 5.1Uh66E-02 
11  6.93165E-C2 
12  8.71665E-C2 

1.55626E 00 
1.5bBC5E 00 

1.39G67E 00  
1.U8144E co 
1;4335UE 00 
1.5427CE 00 

1.59787E 00 
1.60150E P O  

1.556261 00 

P (LBF/P**2) 
2.62199E 03 
2.60816E 0 3  
2.b95938 0 3  
2.343ClE 03 
2.  U 1522E  03 
2.59914E 0 3  
2.69821E  03 

2.62199E 03 
2.692103 0 3  

P 
1.92019E 00 
1.91C70E 00 
1.8Ue15E 00  
1.76685E 00 

1.80900E G O  
1.801b5E 00 

1.95u03E 00 
1.9Ui68E 00 
1.92G33E 00 

R (SLC/F**3) 
2 .7 t515E-03 

i .661UlE-03 
2.751WE-33 

2.59473E-03 
L.5u434P-03 

2.7346UE-03 
2.81388E-03 
2.79753E-03 
2.7653UE-03 

R t!O 
5.L8275E-01 
5.U2465E-01 
5.44844E-01 
5. 43769E-0  1 

5.2Au73E-01 
5.27537E-(3  1 

5.43b27E-01 
5.453UUE-01 
5.57214E-01 

U 
1.C7711E 00  

1.087b7E 00 
l.ORRR6E C O  

l . l l 8 4 7 E  00  
1.07922E G O  
1.01917E 00  
9.92178E-01 
1.03573E 00  
1 .09159E.00  

B r 
L 

1.85499E 00 
1.86387E 00  
1 .842528 00 
1.839472 00  
1.80891): 0 0  

1.83976E 00 
1.78726E 00 

1.87549E 00 

1 . 7 8 ~ 3 ~ ~  00' 

8.1Ob7UE-01 

8.0157BE-01 
8.102052-01 

7.87C9GE-01 

8.12373E-01 
7.95592E-01 

8.22512E-01 
8.19591E-01 

8.10417E-01 

T A I! 
2.665161 00 1.13466E 00-U.94055E-05 
2.67b07E 00 1.14223E 00 1.60539E-03 
2.6b4099 00 l . lU652E 00 4.213098-03 
2.62656E GO 1.10473E CO 3.968OOE-03 

2.60072E 00 1.07650E OG 6.73282E-03 
2.60450E 00 1.13822E 0 0  6.86747.E-03 

2.60685E 00 1.05608P: 00 4.15295E-03 
2.66227E 00 1.09080E 00  1.00417Z-02 
2.69591E O Q  1.15C61E 00-1.43707E-OU 

S 

U (P/SEC) V (F/SEC) Q (P/SEC) BETA ( D E G )  T ( D E G  - H )  
5.93042E  02 1.165C56E 03 1.30731: 0 3  6.30229E  01 5.52Sillp.  02 
5.8675RE  02 1.17776E @ 3  1.31583E 03 6.35176E  01 5.52397E  02 
5.89331E  02 1.17669E  03 1.31602E  03 6.33366E  01 5.li6516E  02 
5 .881673  02  1.209791: 03 1.3451YE  03 6.40722E  01 5.3663BE  02 
5.70611E  02 1.16734E 03 1.29934E 03 6.39500E 01  5.4243bE  02 
5.71623E  02 1.10239E  03 1.24178E 03  6.25918E  01 5.53875E  02 
5.877Y8E  02 1.0731YE 0 3  1.22362E  03 6 .129005   01  5.58797E  02 
5.89872E  02 1.120301 0 3  1.26610E  03 6.22317E  01 5.60788E  02 
6.02710E  02 1.18072E 03 1.32566E  03 6 . 2 9 5 7 6 3   0 1  5.52542E 02 

100 T I R E  = 1.988441 0 0  I D  = 6 

1.555448 00 
1.53732E 00 
1.49587E C O  
1.97171E C O  

1.61619E O Q  
1.54662E 00 

1.62423F C G  
1.59051E C O  
1.555442 OG 

P R H O  
1.91955E 00 5.45617E-01 
1.99Y25E 00 5.36284E-G1 
1.85706F G O  5 .L6i45E-01 
1.R4069E 00 5.03590E-01 
1.90633E WO 4.969RhE-01 
1.9h831F ?O 5.16692E-01 
1.977061 00 5.32115E-01 
1.94G00E C O  5.32315E-01 
1.91960E 00  5.51794E-07 

0 

J = 4 X 3.094758-01 

1.07571E 00 
1 .0a lu5E 0 0  

1.OH786E 00 
1.085765 00 

1.33463E O G  
9.91946E-C1 
9.809682-C1 

1.08572E 0 3  

V 

1.01929E 0 0  

1.85262E 00  
1.851551 00  
l.tl3R30E 00 
1.0167flE 00 
1.786UJE 00  
1.77777E 00 

1.81019E 00 
1.77597E 00 

1.86676E 00 

E 

PT(LRF/P*+2) STREAK PNCT 

3.2'2735  03 1.2d318E-01 
3.27317B  03 O.COQO0 

3.1C.618E 03  2 .538211-01 
2.69973E 03  3.74673B-01 
2.98561E 03  1 .920601-01 
3.267113 03 6.120768-01 
3. U517CE 03  7.389305-01 
3.38952E 03  8.692156-01 
3.277771 0 3  1.0000OB 00 

(€'E ET) 

T 
8. lC31UE-01 
6.0943?E-C1 

7.9954GE-01 
8.04035E-31 

8.113ORE-01 
8.211608-01 
8.21539E-01 
8.198502-01 
8.10291E-01 

BDOT = 1.56954E-03 (SLG/SEC) 

n 
2.602931 00 
2.66098E 00 

2.616331 00 
2.6U354E 00 

2.597715 QC 
2.598933 00 
2.5?751E 00 
2.630043 00 
2.67705B 00 

n 
1.13245E 00-1.09494E-O* 

1.13682E 00 5.66477E-03 
1.133951 00 3.054921-03 

1.131b6E 00 3.28457E-03 
1.Q76Q9E 00 3.PP1451-03 
1.04313E 00 3.15344E-03 
1.090602 PO 1.839106-03 

S 

1.07334E 00  7.35170E-03 
1 . 1 0 3 0 7 ~  O O - ~ . L I R ~ S ~ I - O ~  



K 
4 
5 
6 
7 

10 
9 

11 
12 

ti 
4 

6 
5 

7 
8 

10 
9 

11 
12 

a 

K 
4 
5 
6 
7 
8 
9 

10 
11 
12 

K 
4 
5 
6 
7 
8 

10 
9 

11 
12 

1( 
4 
5 
6 
7 
9 

10 
9 

11 
12 

I T I R E  = 

5.937U5Z-02 
Y (aADIAh’S) 

R.5773UE-02 
6.792U4E-02 

1.2147UE-01 
1.93624E-G1 

1.39324E-01 
1.57174E-01 
1.75024B-01 
1.928741-01 

I ( F Z F E E T )  
7.UlUlCE-02 
1.009778-31 
1.27513E-01 
1.5UGkbE-01 

2.07120E-01 
l.fl95dUE-01 

2.335568-01 
2.6019iE-01 
2.86727E-01 

100 TI f lE  

e 
1.5U5U65 00 

1.53164: 00 
1.524633 00  

1.531188 90 
1.53568E 00 
1.549992 00 
1.55564Z 00 
1.55616E 00 
1.5U6U6E 00 

= 1.98HUUY 0 0  

l.Y llU6B 0’3 
1.889RlE 00 
1.897172 00 
1.895031 00  
1.89841E 00 

1.92115UE 110 
1.91124E G’I 

1.971468 00 
1.917129 00  

RHO 

ID = h 

U 
4.305CnE-01 
U.CflR31E-nl 
4.2512bE-01 
4.6316UE-31 
5.02513E-01 
5.34206E-01 
5.66158E-01 
5.82U83E-01 
5.70731E-01 

p(L8?/7**2) R(SLG/F**3) U (P/SEC) 
~ . G 0 5 r ; 8 E  0 3  2.75259:-03 4.05057E  02 
2 . 5 ~ 8 7 0 E   0 3  2.721UlJF-53 4.u2213E  02 
2.583512  03 ?.732?3E-03 4.5983flZ  02 
2.579742  03 2.72893E-03 5.COY77E 02 
2.537315  03 2.73379E-03 5.435UUE 02 
2.61142E  03 2.752268-03 5.778251  02 
2.622632 0 3 2.705658-03 6.7.23dSE  02 

2.60548E  03  2.75258?-03  6.173S5E 02 
2 .62182 .9   03   2 .7hu72~-03   6 .3oob3~   02  

I T I E E  100 T I R E  = 1.9NObUE 00 

I ( R I D I A S S )  
5.5hH42E-02  l.ib7463 00 1 . J l i 3 3 5  03 

P R no 

7.75jUlE-02 1.517BlE 00 l.i3ijb36% 03 
9.53QUlE-02 1.52UCdE 00 1.99103E  09 
1.1323UE-01 1.53C59E CO 1.8953UE 00 
1.3108UE-01 1.5UU179 00 1.90675E 00 
1.b193UE-01 1.563225 00 1.32323E SO 
1.657RkE-01 1.566i98 Cd 1.329635 00 

2.C24eUE-01 1.5U746E Or) 1.9123UE 00 
1.8463UE-31 1.56497E 00 1.324YLE 90 

d.Y72b3E-02 2.607153 03  i.7539UE-03 
1.15259P-01 2.557218 03  2.71355E-03 
1.417Y5E-dl 2.56773E 03  2.723158-03 
1.69330Z-G1 2.578738 03  2.7293hS-03 

2.2luCJZ-61 i.63371Y 03  2.76SbJE-93 
1.94965E-01 2.60161: 03  2.745732-03 

2.74U70E-01 2.bJbS9E 03  2.77181E-03 
2.479358-61 2.63990E 03  2.7757UE-03 

3.01C’XE-01 2.6G715B 03  2.753QUE-03 

1 ( F = F E E T )  D(LEF/F**2)  R(SLt/F**3) 

In = 6 

n 
4.19865E-01 
U.1393hE-01 
U.3560bE-01 

5.CG991E-01 
U.71991E-01 

5.32823Z-01 
5.5652UE-01 
5.6oCU5E-01 
5.5RYS9E-01 

I1 (F/SEC) 
4.54169E 0 2  
4.44U89E  02 
4.722488  02 

5.4622LF. 02 
5.1051YE 02 

5.7032bE  02 
6.0196uE 0’ 
6.12263E  02 
6.045988  02 

J = 15 X = 3.976871-01 (FBET) l D O T  = 1.54127E-03 (SLG/SEC) 

P 
9.103798-01 
9.94692E-01 
8.91883E-91 
9.21619:-01 
9.699UOE-01 
1.02037E 00  

1.13406E 00 
1.07134E 00  

1.137148 00 

Y ( E / S F C )  
9.84712E  02 

9.617’36E  02 
9.7eSbOE 02 

1.0491PE  03 
1.10369E  03 
1.15981E  03 
1.22666E  03 
1.22998E  03 

9.96804:  02 

J = 1 6  X :  

V 
9.08135s-01 
8.974005-01 
E.691d22-01 

9.247475-01 
9.8R723e-nl  

9.8lbUflE-01 
1.033589 C C  
1.105203 00 
1.13291E 00 

V (F/SEC) 
9.82252E  02 
9.59d57E  02 
9.39069E  02 
9.012889  02 
1.00566Z O ?  
1.0618OE 0 3  
1.117.97E 03  
1.195UUE 0 3  
1.22542E  03 

1.63234E 00 

1.63907E 00  
1.612378 30 

1.721628 00  
*.6575‘lE 00 

1.793399 00  

1.34465E 00 
1.86311E 00  

1.33471E 00 

P (F/SEC) 
1.09326E  03 
1.07384E  33 

1.115678  03 
1.36870E  03 

1.18158E 0 3  

1.310678  03 
1.24579E 03  

1.37900E 03 
1.3762UE 03 

E 
8.09049E-01 

8.07331E-01 
8.0676UE-91 

8.07978E-01 
8.089259-91 
8.10987E-51 
8.105242-01 
8.117201-91 
8.99049C-31 

T 
2.441  348 00 
2.41913E 00 
2.41643: 30 
2.46252E 00 
2.531)SUE CO 
2.6343131 03 

2.75537E O @  
2.67364E 03 

2.74375E 00 

.H n 
9.46225E-01  1.83582E-05 

3.293461-01  8.937722-09 
9.341473-01  1.711699E-03 

9.69805E-91  2.13510E-03 
1.02650E 00 2.60u19E-03 

1.13752E  00-5.62072E-05 
1.08091E 00 2.45702E-03 

1.19595E 00  2.13224E-03 
1.195515 00 1.74bV2E-05 

5 

BETA (DEC)  T ( D E G  - E) PTIL@P/F**2) SrREAll PlCT 
6.469112  01 5.51610E 02  3.2593OE  03 0.05000 

6.45146E  01 5.531398 02  3.2112929 0 3  2.0905hE-01 
6.56817E  01 5.50352: 02  3.16215E  03 1.05067E-01 

6.33180E  31 5.50879E  02 3.25652E 03  3.199672-01 
6.261191 0 1  5.515251  62 3.26507E 03 4.40589E-01 
6.23661E  01 5.52931E  02 3.2900UE 0 3  5.70643B-01 
b.21USUE 01 5.526151  02 3.31453E 03  7.09480E-01 
6.28138E  31 5.53430B 02 3.29153E 03  8.546181-01 
6.33457E  01 5.51509E  02 3.2455CE 03  9.99999E-01 

: 4.06525E-01 ( F E E T )  #DOT = 1.54385E-03 (SLG/SEC) 

E T H n 5 
1.62617E 00  8.09197E-01 2.43537E C O  9.39977:-01  1.752391-05 
1.59458E 00 8.0548OE-01 2.40006E 00 9.20909E-01  1.3087UE-03 
1.5817UE 00 8.05942E-01 2.395638 0 0  9.1U857E-01  4.69089E-04 
1.627Y8E 00 8.07553E-91 2.43543E 00 9.46397E-01  1.55473E-03 
1.687033 00 8.09843E-91 2.495Qa.E 00 9.93059E-01  1.985671-03 
1.75803E 00 8.127869-01 2.571221 00 1.04707E C O  2.160191-03 
1.9217uE 00 8.120ldE-01 2.63376E 03 1.10093E  00-1.03235E-OC 
1.Y0613E 00 8.12996E-01 2.719122 00 1.163YOE 90 2.100UlE-03 
1.92345E 00  8.09197E-31 2.73285L 00 1.196POE 00 1.752381-05 

Q (P/SEC) @ETA ( D X )  T (DEG - 9 )  PT(LW/P**2) STREM ? K T  
1.0E217E  03 6.51853E  01 5.51710E  02 3.239378  03 0.00000 
1.057785  03 b.51521E  01 5.49176E C2 3.29059E  03 1.04023E-01 
1.05113E  03 6.33026E  01 5.09491L  02 3.28784E 03 2.09540E-01 
1.08AUUF: 03  6.20282E  01 5.505riqE 02 3.32555E  03 3.229863-01 

1.20813; 03  6.1537oE 0 1  5.5U157E 02  3.363936 (13 5.765693-01 
7.1UU43E 03  6.1491UE 01  5.521518 02 3.34694B 03 4.4548UE-01 

1.26973E 03  b.170001  01 5.536332  02 3.35585E 03  7.1497Uf-01 
1.34311E 03  6 .288003  01 5.54331B 01 3.29697E 03  8.576508-01 
1.36645E 03   6 .373911   01  5.51710L  02 3.225561 03  9.99999E-01 

ITI f l1  = 100 TIPIE = 1.9Y844E 00  I O  = 6 J = 17 Y = 4.15362E-01  (FEET) 8DOT = 1.55094E-03 (SLC/SEC) 

Y (iIADIANS) 
6.929WE-02 
9.7144CZ-02 
l.OU994E-01 
1.22844:-01 
1.UObQUE-01 
1.5a544E-01 
1.76394E-01 
1.9U2UYE-01 
2.1209UE-01 

F 
1.552402 00  1.91673E 00 
1.PYe833 00 1.Y6760E 00 
1.522721 00 1.4Yd37E 00 
1.5LllCE 30 1.90502E 01) 
1.562122 00 1.9234uE 00 
1.58059E 00 1.33915E 00 
1.578523 00 1.93954B 00 
1.571178E 00 1.93249E 00 
1.552bOE 00  1.91670E 00 

AHC 
4 .  1252U’t-Gl 
4.2o7UPE-51 
4.57711E-01 
4.82976E-01 
5.06427E-01 
5.2811CE-Cl 
5.40788E-01 
5.44304L-01 
5.42023E-0 1 

0 
q .O 9854E-0 1 
9.07684E-01 

8.77255E-01 
8.Y9528E-01 
9.4528lE-01 
9.97422B-01 
1.07239E 00 
1.119181 00 

V 

8 . 7 7 0 3 ~ ~ - 0 1  

1.62659E 00 
1.61210E C O  
1.6C5R9E OC 
1.62596E 00 
1.665938 00 
1.72671E 00 

1.86313E 00 
1.78157E 00 

1.900761 00 

E 
8.09935E-01 
8.025UOE-01 
8.05515E-51 

8.1215OE-01 
8.38717E-01 

8.150933-01 
8.140691-01 
8.lU896C-01 
8.099351-01 

T 
2.43652E 00 
2.4146UE 00 
2.4114OE 00 

2.478081 00 
2.54180E 00 
2.595691 00 
2.67802E 00 
1.710691 00 

H 

2 . u ~ m e  00 

B 
9.3616UE-01 1.800066-05 
9.s6243E-01 1.22464E-03 
9.31587E-01 7.79437E-05 
9.41140E-01 8.31783E-04 
9.68097E-01 1.344321-03 

1.062798 00 3.688931-01 
1.01363B 00 1.70761E-03 

1.12593C 00 2.84076g-03 
1.167799 00 1.80006L-OS 

5 



U 
N 

K 
4 
5 
6 
7 
8 

IC 
9 

11 
12 

I (P=PEET) 
1.C3037E-01 

1.55G7dE-01 
1.215U23-Cl 

1.92611E-01 
2.091U5E-01 
2.35679Z-01 

2.887UBE-01 
2.6221CE-01 

3.15283E-01 

F(LilF/C**Z) 

i . 5 2 5 2 i i  0 3  
i .6154PE 0 3  

2.596b5E 03 
2.565b9E C3 

2 .631f6E  03  
2.66249C 03 
2.66017E 0 3  
2.65319E 03 
2.61548E 03 

R(SLG/P**3) 3 (F/SEC) 

2.689023-03 U.01592E G2 
2.76C12E-03 4.46207E  02 

2.7U416'-03 5.22411E  02 
i.72221E-C3 4.950Y3E  02 

2.769839-03 5.47777E  02 

2.79302E-03 5.8U9UUE 0 2  
2.792459-03  5.7123GE  02 

2.760122-03  5.862791:  02 
2 . 7 8 2 8 7 ~ - 0 3   5 . 8 8 7 4 6 ~   0 2  

V (F/SEC) 
9.841UUE 0 2  
9.h1797E C2 

9.08933E G2 
9.4r16U9E 0 2  

9.729758  02 
1.022662  03 

1.15995E 0 3  
1.21056E  03 

1 . 0 7 a 8 6 ~  0 3  

c (P/SEC) 
1.09757E 0 3  

1.07007E 0 3  
l.iI6469E C3 

1.08319E  03 

1.17121E  03 
1.11657E  03 

1.22723E 03 
1.30081E  03 
1.34506E  03 

6.56106E  01 5.52213E 02  3.234b7E 0 3  G.00000 
BETA (DEG) T (DE6 - E) PT(LBF/P**2) STREAH r8CT 

6.4a13UE 01  5.471712 92   3 .154372 03  1 .04503E-01 
6.24407E 0 1  5.491Y4E J2 3.33551E 0 3  2.13'314E-01 
6.11648E 01  5 .51393E 02  3.38771E 0 3  3.31445E-01 

6.08087E 01  5.55730E 0 2  3.UU268E 03  5.87663E-01 
6.06208E C 1  5.53724E 02  3.U36271 0 3  4.56141E-01 

6.15340E 01   5 .550321 02  3 .39158E 03  7 .24108E-01 
6.30894E 01  5 .55596E 02   3 .301513 0 3  8.62382E-01 
6.415899 01   5 .522131 0 2  3.2112BE 03  9.99999E-01 

I T I n E  = 1CO T I E E  = 1.9R944E 0 0  I D  = ti J = 1 8  X = 4.242OOE-01  (FEET) LlDOT = 1.55832E-03 (SLG/SEC) 

K Y (RACIASS) P R H C  0 V E T 9 !I 5 
U 7.84539;-02 1.567492 00 1.92999E 30 u.G91U5E-01 9.097335-01 1.63073E 00 8.12177E-01 2.U4299E C C  9 .35b5lE-01 1.72257E-05 
5 9.67539E-02 l.rltO671 PO 1.35215E 00 4.59147E-01 8.84163E-01 1.5S75UE 00 7.99434:-91 2.3970BY 00 9.417248-01 6.7031UE-04 
6 l . lC6CLZ-Jl  1 .522t9-  Oil 1.88951E 03 U.78769E-01 8.51017E-01 1.59291E 00  8.05375E-01 2.33332E 00 9.195721-01 2.80102E-06 
7 1 . 3 2 4 5 4 ~ - 0 1  1.550245 00  1.9lUC9S 00 U.9368RE-01 9.562778-01 1.616?29 00 8.059099-01 2.42593E 90 9.282228-01 5.303032-04 
8 1.503iUE-01 1.57o99E 03 1.937005 00 5.075F7E-01 8.7i220E-01 1.652591 3G 8.141UOE-01 2.065728 00 9.50113E-01 9.80914E-OU 
9 1.6515UE-01 1.597122 00 1.95UU7E 00  5.17455"Ol 9.21751:-01 1.7CUhlE C'? 8.17166E-31 2.521572 00 9.A830UE-01 1.10072E-03 

11 2.0395UE-01 1.59101Z 60 1.907295 00 5.170HOE-01 l .03397E O C  1.81351D 00 8.17040E-31 2.d3S55E C.0 1.08383E 00 2.41792B-03 
10  l.PS03UE-01 1.601U5E C G  1.95e8IE 00 5.186bbE-nl  9.726575-01 1.75'415E 3C 8.17531E-01 2.57168E 00  1.03036E 00 6.43551E-04 

12  2.2179UE-51 1.56749E G O  1.929992 00 5.22d19E-01 1.0934bi: 0 0  1.a6773E SC 8.12177E-01 2.67991E 00 1.136651 00 1.72257E-05 

K 
u 
5 
6 
7 
8 

10 
9 

11 
12 

1 (F=FEET) 
1.1729CE-01 
1.43dLUE-01 
1.70359E-01 

2.23ui6E-01 
1.56892:-01 

2.4996CE-01 
2.76494E-C1 
3.03028E-01 
3.29562E-01 

P(LDF/P**2) R(SLG/P**3) 
2.6U0515 0 3  2.773268-33 
2.43'463E 0 3  2.66716E-33 

2 . h l l 5 4 E  C3 2.756365-03 
2 .5b4412  03  2.7215UB-03 

2.65b925 0 3  2.7d936E-03 

2.65Y12E 03 2.82'2875-03 
i .69Cf3E 0 3  2.81U512-03 

2.6UCYlE 03 2.77926E-03 
2 . 6 8 6 5 4 ~  0 3  ~ ' . ~ c u I ~ E - o ~  

J 
2 
3 
4 
5 
6 

8 
7 

1 0  
9 

1 1  
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 R  

Y S L ( Z , J , 3 )  
2.6t19'72E-01 
2.3C3UC5F-Cl 
2 . 9 ~ 4 9 ' I i t - 0 1  
3.GE6715E-01 

3.37C652E-01 
3 . 2 i f i 3 3 i - 0 1  

3.51296OE-31 
3.6552135-C1 

3.943290E-01 
3.757696E-01 

4.08290lE-01 
4,2256758-01 
4.363b33E-01 
4.511131E-01 
4.653952E-01 
4.796598E-01 
4.9393558-01 

Y 5 X L ( Z . J , 3 )  
1.9719'3E C O  
1 .62^323E @O 
l.E13L?SE 0 9  
1.6187CtE 00 
1.618121E 00  
1.6176.6UE 00  
1.617317s 30 
1.617C62E 00 
1.616eY2E 00 
1.616757B C(: 
1.616675E C O  
1.61661UE 00 
1.616562E 0 0  
1.6165132 CO 
1.616468E 30  
1 . 6 1 C u U O E  00  
1.616U08E 0 0  

U (F/SEC) 

4.5b637P.  02 
u. 1 1 2 5 5 2 ~   0 2  

5.33995E  02 
5 .1786lE  02  

5.U9026E 0 2  
5.597U9E 0 2  
5.510378 G2 
5.59300E 0 2  
5 .655078   02  

V ( P / S E C )  Q (F/SEC) 

9 . 5 6 3 5 5 E  C 2  1.077628 0 3  

9.26192E  02  1.C6310E 03  
9.U9927i: 02  1.39717: 0 3  

1 .119292  03   1 .25036E  03  
1.052CYE 03 1.19232E  03 

1.192768  03  1 .311002  03 

9 . a w 1 4 y  02 1 . ~ 7 9 9 5 ~  0 3  

9 . 2 0 5 0 3 ~   0 2  1 . 0 5 0 1 a ~   0 3  

9 . 9 7 n 1 2 ~   0 2  1 . 1 ~ 3 4 0 ~  0 3  

VSAY ( 2 . J )  

9.911d82Z-07 
C.S'lCC@C 

l.CJ941CE-Oh 

8.59C326E-07 
9.7125SUE-07 

8.,d'7;9E-C7 
8.632671E-C.7 
9.355032E-07 
9.804062E-07 
3.R?Y668E-07 
9.944279E-07 
1.0U515dE-C6 
1 .12825i t -06  
1.206731E-06 

1.30680bE-06 
1.278616B-06 

1 . 9 2 8 3 9 1 ~ - ~ 6  

Y S U ( 2 , J , 3 )  

U.931178E-01 
4.70C9Ul5-01 

5.3716'J5E-C1 

5.3535RSE-01 
5.  U95"YE-01 
5.63b781E-01 
5.7787998-01 
5.921043Z-01 
6.063476E-01 
6.236039B-01 
6.348673E-31 

6.6339962-01 
6.491333E-01 

6.7766683-0 1 

7.0620683-01 
6.519352B-01 

5.21  24602-0 1 

YSXO(2,J,3) 

1 .6203238 00  
1.971933E 00  

BZTA ( D E G )  T (DEG - R )  PT(LBP/P**2) STREAR FNCT 
6.575465  01  5.53741Z  02 3.25917E  03 0.00000 
6.25571E  01 5.45553E  02 3 .21039E  53   1 ,076563-01  
6 .06385E  01  5.L9103E  02 3.38985E  03  2.22873E-01 
6 .003432  01  5.52195T  02 3.4658YE 0 3  3.44296E-01 
5.99734E  31 5 .55 i )ddB 02 3.50714E 0 3  U.70863E-01 
6.06889E  01 5.571U3L 0 2  3.49233Z  03  6.01793E-01 
6.1'33C4E 0 1  5.573928  02 3.425042 0 3  7.348803-01 
€.3&2!36E 0 1  5.570578 02 3.3205YB 03 8.676b93-01 
6.UUU63E 0 1  5.537411 02 3.224818 03 9.999991-01 

1.619U35E 0 0  

1.618121E 0 3  
1.61Y736E 00 

1.61766UE 0 0  
1.617317E 00  
1.617C62E 00  
1.616892E 00  
1.6167578 0 0  
1.616675E 00  

1.616562E 0 3  
1.61661UE 00  

1.616513E 00  
1.616U68E 00  

1.6164083 00 
1.6164UOE 00 

VSAYP (2 .J)  
0.00c3')o 
9.9119??E"G7 
1.G9921;JE-Ob 

9.7125945-07 
1.G283922-06 

8.3677295-07 
8.6326715-07 
9.355032E-07 
9.8049628-07 
9.89966YE-07 
9.940279E-07 
l.OU51582-06 

1.20673qE-06 
1.1282522-06 

1,2786163-06 
1.3068083-06 

8.5a33265-07 
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APPENDIX  B 

SUBROUTINES AND COMMON BLOCKS  WHICH MUST BE 

CHANGED TO  INCREASE  THE  MAXIMUM  VALUES OF JS+I AND KS+3 

In order to alter  the p ogram  dimension  for  the  maximum  allowable  meridional 
(J) or  circumferential (K) subsc'ript  value,  the  following  common  blocks in the 
indicated  routines  must be changed  from  the  current  values (JS+l=19 and KS+3=15 

respectively) to the  desired  value. 

Common 
B l o c k  Variables Subroutines 

/ /  R2,  P2,  U2,  V2,  E2  B2DATL,  UNCgM2,  ITER1, UNEQ, TRED, S L I P ,  

HgBA,  VEBI,  VEB4,  VEB5,  CHARI,  CHARb, 

SURF, WAKE, EXTRA2,  ONESID 

/P/  R1,  P1,  U1,  V1, E l  BZDATL, UNCOM2, I T E R l ,  UNEQ, TRED, S L I P ,  

HPIBA, VEB1,  VEB4,  VEB5,  CHARI, CHARO, 

SURF, WAKE, EXTRA2,  ONESID 

DSU, DS2, YU, Y2,  B2DATL,  UNCflM2,  ITER1, UNEQ, TRED, S L I P ,  

YUX,  YLX,  YUXX,  HOBA,  VEB1,  VEB4, VEB.5, CHARI,  CHARfi, 

YLXX,  DSSL,  DSSU  SURF, WAKE, PSOLV,  QSbLV,  EXTRA2, ONES I D 

/ARBE/  AR,  BE,  ARX,  BEX  B2DATL, UNCOMZ, ITER1,  UNEQ, TRED, S L I P ,  

HbBA,  VEB1,  VEB4,  VEB5,  CHARI,  CHAR@, 

SURF, WAKE, QSbLV,  PSBLV,  EXTRAZ,  ONESID 

/VSAY/  VSAY,  VSAYP,  YSL  B2DATL,  UNCflM2,  ITER1, UNEQ, TRED, S L I P ,  

YSU, YSXL,  YSXU HflBA, VEBl ,   VEB4,  VEBS,  CHARI, CHARB, 

SURF,  WAVE,  EXTRA2,  ONESID 

/P1/  P3,  R3,  U3,  V3, P4, B2DATL,  UNCaM2, UNEQ, TRED, S L I P ,  HBBA, 

R4,  U4, V 4 ,  P5,  R5,  VEB4,  VEB5, WAKE, EXTRA?,  ONESID 

US,  V5, PM, RM, UM, 

VM 
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Common 
B 1 ock. 

/UQ/ 

/ LT/ 

/Y I /  

/w/ 

/SHEAR/ 

/XJ L/ 

/FSMS/ 

V a r i a b l e s  

P3M,  R3M,  U3M,  V3M, 

P3P,  R3P,  U3P,  V3P, 

PMP, RMP, UMP, VMP, 

PMM,  RMM,  UMM,  VMM, 

DSSUM, YSUM, YSXUM, 

DSUR,  DSUM, DSSLM, 

YSLM,  YSXLM,  DSLR, 

DSLM,  RUST, RUS 

DELSU,  DELSL,  DETSU, 

DETS L 

Y l D L  

Y5*, x5* 

TAUL,  TAUU 

R J L ,   P J L ,   U J L ,  

V J L ,   E J L  

UFS,  HFS, UMS,  HMS, 

RMS , RMF, PMS, RFS 

S u b r o u t i n e s  

B2DATL,  UNCgM2, UNEQ, TRED, SL IP ,   HgBA,  

VEB4,  VEB5,  WAKE,  EXTRA2,  ONESID 

B2DATL,  UNCgM2, WAKE, EXTRA2 

B2DATL, UNCflM2, ITER1,   EXTRA2 

BZDATL, UNCflM2,  UNEQ, SLIP,   VEB1,   VEB4,  

VEB5,  SURF, WAKE, EXTRA2, ONES I D 

UNCflM2,  SURF 

I TER1 

I T E R 1  , WAKE, EXTRA2 

"The c u r r e n t  va lue  o f  33 m u s t  be m o d i f i e d  t o  account for l a r g e r  va lues  o f  the 
m a x i m u m   a l l o w a b l e  value of KS. I t s  va lue m u s t  be [3"(KS-3)+6] .  
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APPENDIX C 

'I 
PROGRAM LISTING AND AVAlLABlL 

I 

Program B2DATL cons is t s   o f   app rox ima te l y  12;OOO 

I TY 

l i n e s   o f  FdRTRAN i n s t r u c -  

t i o n s  and, t h e r e f o r e ,   a   l i s t i n g   i s   n o t   i n c l u d e d  as p a r t  o f  t h i s  document. How- 

ever,  the  program i s   a v a i l a b l e   . f r o m   t h e  Computer Software Management and  Informa- 

t ion   Center  (COSMIC), Barrow  Ha l l ,   Un ivers i ty  of Georgia,  Athens,  Georgia 30601, 

t o  whom a l l  requests   for   copies  should be d i rec ted .  
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